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Abstract 

The key phenomenon around which the paper is constructed, given its core interest in the transition from a fossil fuels energy 
regime to a zero emissions and/or renewable energy regime (sometimes also ‘post-hydrocarbons’ regime; Smith, 2008), is the 
notion and explanation of ‘transition regions’. These are sub-national territories, usually with some degree of devolved governance 
in the fields of innovation, economic development and energy that, for reasons to be demonstrated, act as regional ‘lighthouses’ for 
eco-innovation both to other regions and countries. These are the places that are subject to ‘learning visits’ by global policy-makers 
and other interested parties eager to learn how success was achieved. Because regions differ within state-systems, the case material 
is presented according to three kinds of political model. These are, first, the liberal market model, notably north America and the 
UK; second is the co-ordinated market model such as Germany and some Nordic countries; and third hybrids which have a 
reasonably entrepreneurial economic climate typical of the ‘liberal market’ model but strong welfare states, more typical of the ‘co¬ 
ordinated market’ model such as Denmark, a small state, and China, a large one. Finally, each of six cases will be presented in the 
sequence of the ‘system’ and regional governance of ‘transition regions’ first, with the nature and role of the national eco-innovation 
regime summarised afterwards where top-down governmental influence is clearly visible, even weakly. Also eco-innovations that 
are broadly in the same field, such as renewable energy production, or electric vehicle consumption are studied, giving maximum 
comparative value from their emergence in different countries and regions. 
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1. Introduction 

1.1 In this contribution a number of relatively new 
terms are utilised, namely ‘eco-innovation’ and ‘clean 
technology’ or cleantech. The first of these is defined by 
EU DG Environment as: ‘. . .an environmental product, 
service, management practice or process..which is 
indistinguishable from a previous era definition of 
‘Environmental Technologies’. This is inadequate 
because many of those were associated with one-off 
‘clean-up’ anti-pollution technologies typical of the 
preceding era of ‘ecological modernisation’ (Desfor & 
Keil, 2007). A better, but still inadequate definition comes 
from EEA as: ‘.. .Eco-innovation is the commercialisa¬ 
tion of knowledge to elicit direct or indirect ecological 
improvements...’ which is obviously extremely vague 
and lacking in the important ‘system’ dimension that is 
particularly pronounced in the eco-innovation field. So 
we will opt for a definition that captures the classic 
‘recombinative’ and ‘systemic’ character of innovation as 
‘new combinations of knowledge commercialised to 
minimise human-centred ecological degradation’. This is 
close to our preferred definition of the broad ‘clean 
technology’ platform with which eco-innovation inter¬ 
acts. Cooke (2008) defines this as; ‘... diverse products, 
technologies and processes which, through improve¬ 
ments in the clean energy supply chain from energy 
source through to point of consumption and recycling, 
result in reductions in greenhouse gases ...’. With these 
definitions and the evidently macroscopic scope of 
economic activities to which they apply, a wholly 
different order of innovation from normal is implied. 

1.2 This is because, whilst all innovation in general 
fits the core Schumpeterian proposition of being 
recombinative , most does not recombine many different 
types and vintages of knowledge. However, eco- 
innovation addresses a very large swathe of contem¬ 
porary economic activity from agro-food, to logistics, 
energy generation, transmission and storage, to con¬ 
struction, ‘green’ manufacturing, water conservation, 
transmission and treatment and waste recycling to name 
a few. Accordingly, surprising crossovers such as that 
from agro-engineering (milk coolers) to renewable 
energy (wind turbines), automotive engineering to agro¬ 
food (biofuels), or algae to paper (batteries) occur in 
almost routinely surreal ways. Thus whilst all innova¬ 


tion is interactive and more or less systemic amongst 
networks of innovators, users and researchers, eco- 
innovation is more so. Its targets and potential impacts, 
which are pervasive, mean that it is necessary and 
desirable to explore its translation into the policy world 
with the assistance of elements of distinct but often 
complementary theoretical frameworks capable of 
handling complexity. Such complexity is of both the 
multi-level kind amongst layers of government and 
governance and in relation to the diversity or variety of 
industry sectors from which eco-innovation springs and 
to which it applies. Accordingly, the first main section is 
devoted to an accessibly presented review of appro¬ 
priate theory in which to situate eco-innovation and its 
broad matrix of clean technology. More will generally 
be said about eco-innovation since this is the interest of 
the paper, but reference will be made to eco-innovations 
in relation to the aspiration towards cleaner technology 
in general in pursuit of policies to mitigate human- 
centred climate change. 

1.3 The paper will proceed thereafter in a sequence 
of accounts of six global regional-national interactions 
especially regarding each region’s eco-innovation 
system, its regional and national regulation, subsidy 
and incentive structures and eco-innovation outcomes 
in the sense of new products, processes and organisa¬ 
tional changes implemented in the markets for eco- 
innovations. Just as nations are different, so the regions 
within them can also differ widely. One key phenom¬ 
enon around which the paper is constructed, given its 
core interest in the transition from a fossil fuels energy 
regime to a zero emissions and/or renewable energy 
regime (sometimes also ‘post-hydrocarbons’ regime; 
Smith, 2008), is the notion and explanation of 
‘transition regions’. These are sub-national territories, 
usually with some degree of devolved governance in the 
fields of innovation, economic development and energy 
that, for reasons to be demonstrated, act as regional 
‘lighthouses’ for eco-innovation both to other regions 
and countries. These are the places that are subject to 
‘learning visits’ by global policy-makers and other 
interested parties eager to learn how success was 
achieved. Because regions differ within state-systems, 
the case material is presented according to three kinds 
of political model. These are, first, the liberal market 
model, notably north America and the UK; second is the 
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co-ordinated market model which include Germany, 
Austria and most Nordic countries but which here 
includes the less familiar case of South Korea alongside 
Sweden; and third hybrids which have a reasonably 
liberal market typical of the ‘liberal market’ model but 
strong welfare states, more typical of the ‘co-ordinated 
market’ model such as Denmark, a small state, and 
China, a large one. These two may be thought strange 
bedfellows: however institutionally they are as 
described. Thus Denmark, after effectively thirty years 
of right-of centre coalition government, no longer 
displays the classic ‘co-ordinated market’ characteristic 
of strong government steering of its firms or economy. 
State-ownership of productive facilities is accordingly 
rare. What it retains, though, is a still-generous though 
hard-pressed welfare state. Comparably, China’s prin¬ 
cipal liberalisation has been of its entrepreneurial 
business capabilities and consumer goods markets. 
However, whilst it is the case that state-owned 
enterprises exist, although reduced to only 15% of 
their former prevalence, they must compete with the 
private sector to survive. The Chinese model is to grow a 
private sector, meanwhile maintaining public enter¬ 
prises. If the state-owned enterprises cannot compete 
with the private sector, they are allowed to wither away. 
Despite its modest but egalitarian welfare in the 
Communist era, liberalisation has seen privatisation 
in this sphere to a greater extent than in, for example, 
Denmark. The result has been widely perceived as 
massively socially polarising, with the few who can 
afford health insurance enjoying high class treatment 
and facilities and the majority facing bankruptcy if 
afflicted with serious illness. In China, which retains a 
strong land planning impulse, notably for eco-city 
planning, it also rests on the liberalising reform that 
allocated centrally-owned land to city mayors and 
provincial leaderships who then use it as a bargaining 
chip to secure development from private developers. 

1.4 Finally, each of six cases will be presented in the 
sequence of the ‘system’ and regional governance of 
‘transition regions’ first, with the nature and role of the 
national eco-innovation regime summarised afterwards 
where top-down governmental influence is clearly 
visible, even weakly. Also eco-innovations that are 
broadly in the same field, such as renewable energy 
production, or electric vehicle consumption are studied, 
giving maximum comparative value from their emer¬ 
gence in different countries and regions. As a result, it is 
intended that the vertical (e.g. multi-level governance; 
supply chains) and the lateral (e.g. path dependence; 
inter-industry relatedness and knowledge spillovers) 
dimensions of the account are given equivalent emphasis. 


2. Four key perspectives on transition 

2.1 In what follows, attention is drawn to the often 
complementary elements of four macro-frameworks 
that have been developed to facilitate understanding of 
key processes of political and economic transition. This 
is implicit in the emergence of eco-innovation as 
principally a means of mitigating climate change but 
importantly as a mode of economic renewal, rebalan¬ 
cing and value-creating human activity that govern¬ 
ments and firms will want to exploit. As the 
forthcoming OECD Eco-innovation Report correctly 
makes clear: ‘market mechanisms alone will not 
provide the appropriate amount of eco-innova¬ 
tion. . .because (i) innovators may not reap the benefits 
of their innovations, and (ii) environmental benefits may 
not be appropriately valued by markets’ (OECD Eco- 
innovation Report, Executive Summary, p. 1). However, 
despite this, for reasons to be elicited, eco-innovation 
progress is emergent in many instances, including the 
fast-growing ‘green’ product and services markets. 

2.2 The theoretical analysis proceeds with the 
following sequence. First, a brief review is presented 
of the multi-level perspective (MLP) on co-evolutionary 
transition. This comparatively simple but nevertheless 
useful perspective has the great virtue, in the context of 
an eco-governance paper, of originating in the Dutch 
environmental policy sphere where some thirty-two 
industrial sub-fields were selected for special attention 
in relation to their eco-innovation potential. Policy¬ 
makers worked over a number of years with eco- 
innovation academics to develop a three-tier macro¬ 
perspective on transition and the co-evolution of socio¬ 
political and economic sub-systems (socio-technical 
systems) that define the needs driving eco-innovation 
(see, for example, Geels, 2004,2006; Kemp, 2002). One 
of the important observations is that the challenge posed 
by the need to control anthropogenic (human-centred) 
global warming demands innovation of a far higher 
order (though not necessarily higher-order technology) 
than any preceding ‘technological paradigm’ in the 
world’s industrial history (Fig. 1). This is because all 
preceding ‘long waves’ of transformative, radical 
technological innovation from mechanisation through 
the railroadisation, electrification, motorisation, and 
informatisation paradigms of global society, occurred 
under a macro-regime or ‘landscape’ of reliance upon 
fossil fuels. Now the macro-regime and whatever future 
technological paradigms emerge over time in the future 
should be set in a ‘post-hydrocarbon landscape’. 

2.3 The main outlines of this kind of transition thesis (it 
is scarcely a theory) involve the following. First, in the 
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Fig. 1. The waveform evolution of carbonised capitalism (1770-2050?). 


MLP approach, it is held that eco-innovations emerge in 
competitive market niches that virtually always require 
some kind of ‘infant industry’ protection from state 
regulatory, incentive or subsidy regimes. The key paradox 
here is that ‘the state’ has no privileged knowledge 
regarding ‘picking the winners’ and so must either arrange 
blanket-support for eco-innovation or strategise around 
particular known strengths in the economic history of its 
country. Despite this, as suggested in the introduction, 
innovation is unpredictable and eco-innovation is extra¬ 
complex because of its large knowledge recombination 
span. Accordingly in some institutional set-ups states wait 
to see what eco-enterprises turn up as experiments in the 
market. As we shall see, in other institutional set-ups they 
anticipate based on inherent perceived strengths (‘stra¬ 
tegic niche management’; Geels, 2006). Logically the 
former might suggest a liberal market approach, the latter 
a more co-ordinated market approach. As will be seen, 
there is evidence in our cases for liberal markets awaiting 
eco-innovations, possibly from ‘transition regions’ as we 
term them in this contribution, that are early innovators. 
But with an emphasis more on climate change policy than 
technology both co-ordinated and liberal market ‘transi¬ 
tion regions’ can be observed as forerunners. This may be 
because the transition regions in question express an early 
aspiration or experience an early need for eco-innovation 
in their territories. 


2.4 We shall explore these processes empirically in 
more detail in the case analyses. But, by whatever 
means, eco-innovations emerge somewhere, with or 
without initial incentives or subsidies, thus at the second 
(middle) level of the transition process, dominant 
designs emerge that begin to compete with hitherto 
prevailing technologies and/or modes of socio-technical 
organisation (socio-technical systems; STS). They may 
begin to challenge established STS conventions in 
particular dimensions first. Since an STS consists of co¬ 
evolving dimensions such as prevailing science, 
technology, industry, markets, culture and policy 
regimes and sub-systems it may be that, for example, 
the scientific discourse is predominantly in favour of the 
view that the greenhouse effect on the planet is largely 
human in origin, the cultural contest is gradually to be 
seen resolving into a strong, even majority discourse in 
favour of renewable energy, dominant technological 
designs (wind, solar) have emerged but industry has 
failed to scale up production and markets are, 
accordingly, relatively dormant. Even in liberal market 
systems this is a point at which a ‘strategic niche 
management’ policy prioritising incentives and/or 
subsidies to production, consumption or both can 
become a ‘tipping point’ in the transition of a region’s or 
country’s STS towards decarbonisation. Finally, and at 
the third and broadest socio-technical level, as laggard 
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regions and countries learn from positive experiences in 
pathfinder ‘transition regions’ or countries, better 
practice becomes gradually generalised to all aspects 
of the production/consumption ‘landscape’. Thus those 
regimes that are able over time to demonstrate 
successful eco-innovations in production and consump¬ 
tion may act as ‘lighthouses’ or ‘beacons’ for the rest, 
albeit unevenly in space and time. An exemplar of this is 
the belated adoption of feed-in tariffs (FIT) in the UK 
only in 2010, over thirty years after its first 
implementation in the US and twenty years after 
Germany’s benchmark FIT implementation, swiftly 
emulated by Denmark and Spain. This can be under¬ 
stood in terms of Unruh’s (2000) powerful idea of 
‘carbon lock-in’ due to capture by carbon interests of 
the Targe and slow-moving’ (from a resilience 
perspective; see 2.5 below) techno-institutional aspect 
of the state-level of the STS. Even the pioneering US 
FIT organisational innovation was derailed by such 
resistance, except in California, whereas in co¬ 
ordinated market Germany, utilities were legally 
obliged to purchase renewable energy on a fixed tariff 
and even small generators were guaranteed access to the 
grid (Lipp, 2007). As energy policy has historically 
been a central or federal state preserve, opportunities for 
specific sub-state initiative have been limited, but where 
it is not, sub-state territories may take extra advantage 
from state-level determinations (see 3.1 above on the 
‘Gothenburg model’ of the EU’s Lisbon Strategy and 

6.5 below on devolved Scotland’s more generous 
allocation of UK renewable energy incentives). 

2.5 Allusions have been made to a richer and more 
integrated nature-society perspective on co-evolutionary 
transition known as ‘Panarchy’ or the ‘Resilience’ 
approach (Folke, 2006; Gunderson & Holling, 2002). 
Panarchy is a framework to account for the dual 
characteristics of all complex systems - stability and 
change. It shows how economic growth and human 
development depend on ecosystems and institutions, and 
how they interact. It arose from observation of failed 
attempts to manage regional ecosystems that often 
culminated in their degradation because of linear 
management efforts focused on a single variable, usually 
economic. Accordingly, this transition approach is 
conditioned far more by the notion of ‘crisis’ as the 
stimulator of innovative action and change than the MLP 
perspective, which is evidently a model of relatively 
smooth, albeit slow, progress of novelty from small to 
strategic eco-market niche to dominant design and 
universal adoption. However, the resilience approach 
adds conceptual value since it models a multi-scalar 
adaptive cycle that promotes eco-innovation alongside an 


MLP for institutional intervention in the process. This 
operates as follows. In any evolutionary cycle there are 
four basic ecosystem stages. The exploitation stage is one 
of rapid expansion, as when a population (e.g. of firms) 
finds a fertile (, strategic ) niche in which to grow. The 
conservation stage is one in which slow accumulation 
and storage of energy and material is emphasised and 
when a ‘ dominant design ’ reaches prominence. The 
release phase occurs rapidly, as when a population (of 
firms) declines due to entry of a competitor, changed 
conditions and ‘ creative destruction ’. Thereafter, reor¬ 
ganisation can also occur rapidly, as when certain 
members of the population are selected for their ability to 
survive (innovate) despite the competitor or changed 
conditions that triggered the release. 

2.6 So, we see an evolutionary process of emergence 
of novelty followed by one involving conservation, 
consolidation and accumulation dynamics in respect of 
spatial or territorial dominance. Then comes system de- 
stabilisation caused by the arrival of a new, competitive 
incumbent ushering in conditions that allow for 
innovation through Schumpeterian ‘creative destruc¬ 
tion’. Finally, system disequilibrium is moderated by 
successful innovation that facilitates system re-organi- 
sation. This will probably not restore the system to 
status quo ante conditions but to some changed, 
temporary equilibrium, possibly materially better or 
worse than before. This is already more satisfying than 
the rather one-dimensional, weakly dynamic MLP 
approach, but the two nevertheless resonate in respect of 
the emergence , dominance and even re-organisation 
stages. MLP simply lacks the ‘creative destruction’ 
trigger for innovation. Ontologically, resilience, by 
definition, implies system ‘shock’ or crisis as the key 
motivator of ecological and economic change, whereas 
for MLP it is something more akin to collective 
‘enlightenment’ based on growing awareness or gradual 
consciousness of indicators of the need to change. 
Accordingly, why such emergence should occur in one 
place rather than another is not a problem for MLP since 
it is a sociological not a geographical question. Actor 
networks influence, learn and ‘co-construct’ awareness 
of the need for novelty that takes advantage of ‘windows 
of opportunity’ for change (see Geels, 2006). This 
rather passive approach has not been uncommon in 
evolutionary analysis, as a key collection on ‘cluster 
emergence’ testifies (Fornahl, Henn, & Menzel, 2010). 
However, the ‘window’ metaphor has been questioned 
for its reliance on ‘chance’ as an actor, the implied 
downgrading of agency in such an approach, and the 
absence of policy relevance thereby implied. Contra¬ 
riwise, the stronger dynamics of the ‘resilience’ 
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perspective demand it goes further to advance testable 
explanatory propositions that assist understanding of 
the conditions for more robust system shock-absorption. 

2.7 This it does by identification of two crucial 
evolutionary variables that can, first, moderate if not 
prevent system crisis and second, effect system re¬ 
organisation after its de-stabilisation through ‘creative 
destruction’; these are, respectively, system potential , 
and system connectivity. System potential sets the limits 
to what is possible - the number and kinds of future 
options available (e.g. high variety [e.g. industry 
structure] provides more future options than low 
variety). System connectivity determines the degree 
to which a system can control its own destiny through 
internal controls, as distinct from being influenced by 
external variables (e.g. a strongly networked region or 
one with high legislative and taxation control are 
examples of high connectivity). Accordingly the 
territorial dimension is foregrounded of necessity from 
the resilience perspective, facilitating more nuanced 
analysis of what differentiates a ‘transition region’ from 
any other. This is because, together, potential (variety) 
and connectivity (network controls) determine system 
resilience or how vulnerable a system is to unexpected 
disturbances and surprises that can exceed or break that 
control. Finally, such system ‘resilience’ is also 
revealed in the interconnectedness of levels between 
the smallest and the fastest and the largest and the 
slowest (the MLP dimension). The large, slow cycles set 
the conditions for the smaller, faster cycles to operate. 
But the small, fast cycles can also have an impact on the 
larger, slower cycles. Thus, in respect of eco-innova- 
tion, a national and/or supranational regime may set 
favourable conditions for eco-innovation or a region 
may anticipate its slow-moving institutions and begin 
swiftly eco-innovating independently, expressing local 
collective demand or proto-market building by ecolo¬ 
gically conscious or interested firms or organisations. 

2.8 The third complementary ‘system transition’ 
perspective of interest to a multi-level, resilience 
approach to regional eco-innovation is ‘complexity 
science’ or the analysis of ‘complex adaptive systems’. 
It proves to yield up a number of valuable concepts that 
take the core evolutionary concept of ‘variety’ and the 
way in which it translates potential into system re¬ 
organisation through the emergence of novelty much 
further in analytical terms. The first relevant and 
compatible insight with what has been discussed above 
regarding ‘surreal recombinations’ of knowledge 
especially in eco-innovation is that complexity science 
also sees ‘emergence’ as the process by which transition 
(transformation) occurs from interaction between 


diverse entities (variety). It then moves into a discussion 
of the role of ‘attractors’ of path interaction that are 
better-known to regional scientists as (regional) ‘path 
dependences’. One, possibly extreme, variant of these is 
‘strange attractors’ where there is no a priori reason for 
even imagining they might coalesce. However, whilst 
mention is made of ‘normal attractors’ due, for example 
to cyclical or neighbourhood effects, ‘learning curve’ 
thinking, which complexity science admits exists and 
has value as a kind of probabilistic predictor for entities 
like ‘scale-effects’ in economic activity, their relative 
predictability means this is where incremental innova¬ 
tion or simple adaptation is found. We shall see later that 
preadaptation , which complexity science allows as a 
more creative variant is also mainly incremental rather 
than radical innovation. After this, a second take on 
‘emergence’ is identified as the system zone where 
stability and instability intersect. Finally, this is all tied 
together by reference to Kauffman’s (1995) early 
complexity science work on stability and instability at 
the ‘edge of chaos’ where a crucial role is played by 
clusters and their isolation, which explains spatial 
stabilisation and minimal change. Alternatively, where 
inter-cluster communication in topological space is 
possible, this facilitates structural knowledge cross¬ 
overs amongst clusters from which innovation springs 
in a ‘self-organised’ manner. Ontologically, once again, 
this approach apparently leaves little room for 
individual design or creativity in innovation. However, 
it is resolutely argued that the recombinant character of 
knowledge interaction that prefigures potential innova¬ 
tion is a fundamentally collective rather than indivi¬ 
dualistic process. Nevertheless, the nature of such 
processes is illuminated as follows. 

2.9 Two further evolutionary insights from complex¬ 
ity science that assist understanding of the creative 
process are termed preadaptation and exploration of the 
adjacent possible. These explain innovation (in this 
case, eco-innovation) in terms of either preadaptation , 
which takes already existing innovations from one 
industry setting and adapts them for wholly different 
industry solutions in another, or exploration of the 
adjacent possible. Accordingly, the adjacent possible is 
a space close to the current state of the art in relevant 
knowledge into which a design effort must be made to 
execute an innovative improvement. Although this 
search process seeks novel solutions, many will also be 
incremental innovations, relatively close to the existing 
state of the art. Such novelty becomes radical 
innovation when the knowledge recombination search 
swiftly reveals numerous related innovation possibi¬ 
lities and potentials. Having a topological space with 
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much cluster variety enhances the prospects of knowl¬ 
edge recombination based on the central complexity 
science thesis that: 

‘.. .The more diverse the economic web, the easier is 

the creation of still further novelty_[leading to].. .a 

positive correlation between economic diversity and 

growth.’ (Kauffman, 2008, pp. 151-160) 

Complexity theory contains many more interesting 
and relevant concepts, some of which are shared with 
the other three approaches to be discussed. For example, 
it presumes complex economic systems display: 
dispersed interaction e.g. regionally specialised knowl¬ 
edge domains; absence of a global controller (no 
infallible top-down management); cross-cutting hier¬ 
archical organisation (e.g. multiple economic govern¬ 
ance jurisdictions, including MLP); continual 
adaptation; permanent innovation; and ‘far-from-equi- 
librium’ (prone to crises) system dynamics (Arthur, 
Durlauf, & Lane, 1997). Nevertheless, broadly-speak¬ 
ing, although there are historic exceptions, discussed by 
the likes of Diamond (2005), economic and other 
systems have the self-adapting capabilities of ‘resi¬ 
lience’ although time-scales are quite lengthy, as also 
recognised in the MLP approach. It is further argued by 
Holland (1995) that the non-linearity and variety 
(diversity) of complex systems generates path depen¬ 
dence. This means ‘regional regimes’ of interaction 
facilitate innovation as the system evolves, allowing 
qualitative shifts in system dynamics (e.g. hydrocarbons 
to a post-hydrocarbons macro-regime or ‘landscape’). 

2.10 This leads, fourth, to a brief introduction to key 
insights of relevance to this analysis coming from 
evolutionary economic geography (EEG). Taking two 
key concepts from spatial economics and technological 
history it finds particular utility in the idea of 
‘relatedness’, on the one hand, and path dependence, 
on the other (Frenken, van Oort, & Verburg, 2007; 
Martin, 2010). Relatedness arises from research into 
regional economic growth where it is found that 
economies with ‘related variety’ amongst industries 
perform better than those without it. This is called the 
‘proximity’ effect superseding the ‘portfolio’ effect 
from the viewpoint of industrial structure. More related 
variety means more lateral ‘absorptive capacity’ from 
related ‘knowledge spillovers’. These can enhance the 
innovation potential of regions. Both path dependence 
and variety play significant roles in explanations from 
evolutionary economic geography regarding space-time 
variation in the incidence of innovation which, as in 
each of the other perspectives presented is also seen as a 
prime mover of significant socio-economic change. 


However, recent work by Martin and Sunley (2006, 
2010) develops inherited views of the process from both 
equilibrium (David, 1985) and complexity (Arthur 
et al., 1997) perspectives. In particular, two important 
improvements are offered. The first is that David’s 
overly equilibrium perspective, which tends to empha¬ 
sise ‘lock-in’ issues, is criticised in favour of a more 
open and innovation-friendly perspective. The second is 
that Arthur’s reliance on ‘chance’ explanations for 
innovative events is questioned and a more socially 
constructive approach, reflective of Garud and Karnpe’s 
(2001) notion of ‘mindful deviation’ by social agency to 
effect change is introduced. Moreover they align this 
adjusted perspective on path dependence to another key 
EEG concept, namely ‘proximity’ to move closer 
towards our mobilising explanation for innovation that 
is also able to incorporate the key complexity theory 
concepts of ‘preadaptation’ and the ‘adjacent possible’. 

2.11 However EEG research goes further into this 
relationship and, as indicated, finds the element of 
‘relatedness’ within the required variety to be the 
independent variable. Moving on, ‘path dependence’ at 
the regional level can explain stability but also system 
stagnation and inertia. However in contexts such as that 
of a regional economy with related variety, path 
interdependence can be envisaged where two or more 
economic trajectories may intersect in regional space, 
conceivably producing unforeseen innovations from 
their ‘revealed related variety’ or ex post relatedness 
(Geels, 2007). As the case material to be discussed 
below shows, much eco-innovation is of this speciation 
or mutation kind as indeed is much innovation. Recent 
research on ‘innovation biographies’ shows this also 
happens globally amongst distinctive ‘transition 
regions’ (Cooke, 2010a). In what follows, key, relevant 
features of the four theoretical approaches will be 
highlighted (Fig. 2). Elements from this schema will 
inform aspects of the policy interaction accounts given 
in Sections 4-11. Finally, the most valuable concepts 
from each will be synthesised in a conceptual frame¬ 
work to be used to structure the six empirical cases in 
the threefold categorisation described in 1.3 above. This 
is presented in the concluding Section 12. 

3. Interim summary 

3.1 The processes by which innovation in general 
evolves and, specifically, how eco-innovation emerges 
are clearly not entirely predictable. This is because being 
an outcome of ‘mindful deviation’ (Garud & Kampe, 
2001) followed by trial and error, they cannot be 
predicted in a law-like manner. Accordingly, this creates 
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Theoretical Approach 

Key Innovation Characteristics 

Co-evolutionary, Multi-level 
Perspective 

Non-Cyclical Scalar Relationships 

Socio-technical Systems (STS) 

- Interactive 

Strategic Niche Management 

Panarchy 

Multi-level Interactions (Cyclical) 

Potential (High Variety) 

Connectedness (Robust Endogenous Institutions) 
Resilience (Resistance to De-stabilisation; Renewal) 

Complexity Theory 

Preadaptation/Exaptation 

- Cognitive Reversal 

Borrowing 

- Searching 

Adjacent Possible 

Evolutionary Economic 
Geography 

Path Dependence/Path Inter-dependence 
Relatedness/Transversality 

Proximity 


Fig. 2. Theoretical perspectives on multi-level innovation system interactions. 


variability for the MLP analysis of interactions between 
regional or city-regional and national policies for eco- 
innovation. This involves the following three dimensions. 
First, system initiatives may precede city or regional 
policy formulation. Thus, wind turbine technology had 
been experimented with in Denmark since the 1920s and 
then, in the 1970s, firms like Vestas and other indigenous 
Jutland companies that were subsequently acquired by 
Siemens began to adapt their technology niche towards 
early wind turbines. Hitherto, Vestas was a manufacturer 
of milk-cooling and then marine engine-cooling equip¬ 
ment. As will be shown, Danish national policy swiftly 
swung behind this eco-innovation with a consumer 
subsidy regime. However, this in itself was influenced 
strongly by the politics of anti-nuclear protest and 
popular demand at the time for ‘alternative energy 
technologies’. Second, regional eco-innovation policy 
may be ahead of national policy because of local or 
regional specificities of a negative or positive kind. Thus 
private mobility emissions, especially in Los Angeles 
caused Californian air pollution legislation to be a 
pioneer in the US from the 1960s. Alternatively, the 
Vastra Gotaland region in Sweden was earlier than the 
Swedish state in formulating its first Climate Change eco- 
innovation strategy. After hosting the 2001 European 
Council meeting that agreed on the first EU Sustainable 
Development policy this even became enshrined in 2005 
as ‘the Gothenburg model of the Lisbon Strategy’ in the 
EU’s competitiveness strategy. This involved: combating 


climate change; ensuring sustainable transport; addres¬ 
sing threats to public health; and managing natural 
resources more responsibly (EC, 2006). Finally, and a 
matter of central interest to this report, a national strategy 
for sustainable development, climate change or eco- 
innovation may be announced but regions and city- 
regions react differently to it. Some, for reasons to be 
explored, have assets in place swiftly to take advantage of 
new regulatory, incentive or subsidy regimes; others 
possibly locked-in to ‘Industrial Age’ thinking or 
technology, do not respond quickly or at all. All this 
means that it is often hard to disentangle the origins of 
policies from the origins of eco-innovation production 
systems, especially at regional level. 

3.2 Accordingly, we are now in a position to 
summarise the key elements of the foregoing review 
that are of value in guiding the following analysis of 
regional-national interactions on eco-innovation. The 
case material will incline towards accounts of electric 
power networks and electric vehicle systems as in 
comparable analyses (e.g. Unruh, 2000) although, 
where relevant, other eco-innovation fields may be 
mentioned. Fig. 2 lists the important elements from the 
foregoing review before these are marshalled into a 
conceptual model of the processes whereby eco-regions 
may be stimulated or blocked by the dominant 
(national) socio-technical systems of consequence to 
the sustainable energy and mobility fields. Equally, 
there will be interest in the extent enlightened national 








P. Cooke/Progress in Planning 76 (2011) 105-146 


113 


institutional frameworks have stimulated regional eco- 
innovation. As is evident, whilst the four theoretical 
perspectives are distinctive, they all adhere to broadly 
evolutionary ecological and economic principles, so 
there is a degree of overlap and associated redundancy. 
For example both the MLP and panarchy have clear 
multi-scalar structures. The cyclical nature of panarchy 
makes it richer and more relevant to a dynamic 
perspective and its emphases on potential (high variety), 
connectedness (institutional or regime robustness) and 
resilience (capability to resist shocks and exercise 
renewal/innovation) are central to the analysis. 

Nevertheless, the concepts of STS and strategic 
niche management are even more directly appropriate 
for eco-innovation analysis. Similarly, the complexity 
theory identification of preadaptation and the ‘adjacent 
possible’ explains processes by which innovation 
proceeds through knowledge recombinations related 
to proximate and non-proximate path-interdependence 
and relatedness. These are highly complementary 
concepts of significance and value to the explanation 
of innovation, including eco-innovation. 

3.3 This general compatibility amongst the four 
transition perspectives examined allows development of 
an analytical framework, key elements of which can be 
hypothesised to be determinative of territorial system and 
strategy development in relation to the perceived dangers 
of human-centred climate change. Until the empirical 
accounts are consulted it is unclear which analytical 
categories exert most leverage or whether it is the 
regional or the national (or supranational) levels of the 
multi-level governance system acted as first-mover 
towards strategy development in significant ways. It 
can be seen from the earlier discussion informing the 
framework that the weight of contribution from the MLP 
and Resilience perspectives is towards (socio-technical) 
system adaptation, broad change processes and multi¬ 
level policy interactions (strategic niche management, 
etc. in MLP; large and slow interactions with small and 
fast systems in resilience thinking). The other two 
perspectives contribute to understanding of co-evolu- 
tionary transition within complex adaptive systems. The 
topology of such systems is analysed in terms of clusters, 
stability and instability (‘edge of chaos’) and innovation 
at cluster interfaces in complexity science (CASA) whilst 
path dependence is an important vector in analysis of 
regional evolution (EEG) and it conjoins with CASA in 
respect of path interdependence as a key source of 
regional innovation, more specifically here, eco-innova¬ 
tion. Coincidentally, this process of inter-cluster ‘muta¬ 
tion’ or ‘speciation’ had been identified in evolutionary 
economic geography, where because it relied on ‘related 


cluster variety’ it was termed ‘Jacobian’ after Jane 
Jacobs’ (1969) insights into the importance of variety and 
interaction at interfaces for innovation (Cooke, 2010b; 
Garnsey, Ferriani, & Lorenzoni, 2008). Thereafter, in 
exploring how innovations occur Kauffman’s (2008) 
evolutionary complexity perspective proposes preadap¬ 
tation - where a pre-existing innovation can be 
transferred or retro-fitted to a new industry or application 
- or exploration of the adjacent possible through 
recombination of knowledges, new and old. Of especial 
interest will be policy focus and level of key intervention, 
the extent to which ‘shocks’ provoked resilient responses 
and their nature, the exercise of ‘potential’ and 
‘connectivity’ (i.e. exploitation of variety and networks) 
and the nature of any eco-innovations arising. 

4. Exemplars of regional eco-innovation in 
liberal market economies 

4.1 Along with R&D investment and market support, 
the green growth strategy of many advanced countries 
includes, amongst other things, setting targets for 
emissions reductions, designing incentive or subsidy 
schemes and the formation of green clusters. As we shall 
see the aforementioned Vastra Gotaland region of 
Sweden was relatively early in setting its Climate 
Change strategy agenda, including financial support 
instruments involving numerous green clusters. The 
Styria region in Austria adopted a Renewable Energy 
Region Styria strategy as the centrepiece of its environ¬ 
mental and economic strategy aimed at reducing 
emissions and creating regional employment. By estab¬ 
lishing eco-innovation clusters based on solar energy and 
wind power regions have created new growth drivers, 
enhancing national competitiveness whilst revitalizing 
the regional economy. Major wind power clusters include 
Jutland, Denmark, the Basque Country in Spain and in the 
U.S. Meanwhile, major solar energy clusters include the 
state of Thiiringen in Germany, Rhone-Alpes in France 
and the Silicon Valley in the U.S. In Silicon Valley, 
California, green technology is increasingly underlined 
as a new growth engine for the regional economy. The 
increase in jobs related to green technology in California 
was 36% from 1995 to 2008, which is triple that of the 
total increase in jobs in the state, 13%, amongst which 
jobs related to solar power occupy the greatest proportion. 

5. California’s sustainable development policies: 
from vehicle emissions to climate change 

5.1 In evolutionary terms California’s economy took 
off rapidly in relation to its (Schumpeterian; Fig. 1) 
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‘railroadization’ in the late nineteenth century. Early 
clusters in the agro-food industry emerged soon after, 
based on intensive, industrialised agricultural produc¬ 
tion. Subsequent cluster-formation in ICT (Silicon 
Valley) and wireless telephony (San Diego), alongside 
medical and agro-food biotechnology at San Francisco 
and San Diego shaped the most recent (‘Jacobian’; see 
3.3 above) mutation or ‘speciation’ in the mid-2000s 
into green technologies. In California, it seems likely 
that the triggering of its ‘greentech’ or ‘cleantech’ 
revolution occurred through a combination of three key 
forces. As we shall see below, its timing, two years after 
the Bush administration’s Energy Policy Act of 2005 
(which favoured nuclear and fossil fuel energy) but 
coincident with the Energy Independence & Security 
Act of 2007, which favoured renewable fuels, suggests 
the 2007 Act raised the profile of renewable fuels high 
and the attractive subsidy an incentive regime 
similarly. However, this does not mean there was a 
rush to subsidy by Californian renewables fuels firms 
comparable to the rush to bioethanol in, for example, 
Iowa. Rather, a second important shift seems to have 
occurred, in the minds of Palo Alto venture capitalists 
who were not earning big returns on investments in 
biotechnology or ICT after 2000’s dot.corns slump and 
for whom cleantech was a promising alternative outlet. 
Supporting this contention is the fact that numerous 
Palo Alto, Silicon Valley venture capitalists opened 
new cleantech funds in or around 2007-2008 (e.g. 
Kleiner, Perkins, Caufield & Byers; Khosla Ventures 
and Draper, Fisher Jurvetson; Cooke, 2010a) but 
importantly too, the third ‘mutation’ was of a 
significant number of entrepreneurs who had made 
fortunes in ICT moving into cleantech by establishing 
new firms. Most of these specialised in solar energy or 
electric vehicles. The most popular investments were 
three entrepreneurs joining forces to fund Nanosolar 
and a further three in the Tesla electric car with another 
investing in an electric vehicle infrastructure system 
venture. The election of ‘Green Governor’ Schwarze¬ 
negger in 2003, one of whose policies, to build a 
‘Hydrogen Highway’ proved over-ambitious was 
nevertheless an indicator of that state’s determination 
to find practical alternatives to increasingly expensive 
oil sourced from sometimes distasteful Islamic 
regimes. The combination of federal and state 
subsidies for renewable fuels, joined by regional 
venture capitalists and entrepreneurs, meant California 
was resilient faced with the destabilising effects of the 
global oil-price shock in having in place many of the 
key elements for successful strategic niche manage¬ 
ment. Thus at system level we see in California a clear 


case of sub-national cluster interaction at interfaces 
through entrepreneur migration. These were often seen 
to be ‘preadapting’ known biotechnologies or digital 
processes innovated in their previous technology 
clusters to, for example, renewables. This was yet 
another response to a Tong emergency’ afflicting 
California air quality but, more particularly, a response 
to the shock of oil price increases and power outages, in 
a context where risk capital was seeking a new outlet 
and national subsidies were available. Various state 
initiatives also reflected this anxiety. 

5.2 In a speech at the MIT Energy Conference in 2008, 
the head of Kleiner Perkins, America’s largest venture 
capitalist, noted that Google required $25 million before 
it went public. By contrast, Kleiner-funded fuel cell 
company Bloom Energy had already gone through $250 
million and is still developing its product. To address that 
situation, Kleiner Perkins raised two funds worth $1.2 
billion in 2008: the KPCB FundXIII was largely to invest 
$700 million in green technology start-ups over a three- 
year period. Its Green Growth Fund was to invest $500 
million in financing later-stage energy ventures looking 
to commercialise their technology. Apart from Bloom 
Energy , KPCB has invested in greentech start-ups such as 
Fisker Automotive, a green American premium sports car 
company, Amyris Biotechnologies , an innovator in the 
development of renewable hydrocarbon biofuels, with 
financing form Khosla Ventures, Kleiner Perkins 
Caufield & Byers, and TPG Ventures, and Miasole , a 
solar thin film photovoltaics company. 

5.3 The preceding account demonstrates three key 
features of one of the world’s leading green regional 
platforms. First, California, with its benign green 
innovation support regime and climate nevertheless 
focuses on the two main cleantech platforms, first, 
communal heating 1 but second and more because of its 
high personal mobility upon substitutes for oil. In 
Sacramento, home to Governor Schwarzenegger’s 
California Fuel Cell Partnership a network amongst 
numerous infrastructure suppliers and the major vehicle 


1 There are several solar power plants in the Californian Mojave 
Desert which supply power to the electricity grid. Solar Energy 
Generating Systems (SEGS) is the name given to nine solar power 
plants in the Mojave Desert which were built in the 1980s. These 
plants have a combined capacity of 354 megawatts (MW) making 
them the largest solar power installation in the world. Solel has signed 
a contract with Pacific Gas and Electric (PG&E) to build the world’s 
largest solar plant in the Mojave Desert. When fully operational in 
2011, the proposed Mojave Solar Park will have an installed capacity 
of 553 MW of solar power, calculated to power 400,000 homes, to 
PG&E’s customers in northern and central California. 
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producers has burgeoned since 2005. Here exacting users 
like the State of California fuels its fleet of hydrogen fuel 
cell (HFC) vehicles at this Sacramento station, or at 
nearby partnership member University of California, 
Davis. This was part of the governor’s Hydrogen 
Highway initiative. It is indicative of the renewable 
automotive fuel emphasis that underpins much of the 
federal and regional subsidy regimes for renewables in 
the US. However informed judgement suggests hydrogen 
fuel cells will not be the preferred alternative to 
hydrocarbons in this market. Second, although many 
US municipalities run fleets of cars and buses fuelled by 
hydrogen, indicating the role of city and county 
administrations as lead markets for niche renewable 
products and services, ‘plug-in’ electric hybrid vehicle 
infrastructures of the kind Shai Agassi builds through his 
Better Place company in Israel are a better bet. 
Accordingly Agassi franchises electric vehicles for 
customer rental from Nissan-Renault, Silicon Valley 
start-up Tesla is also a leader but in the luxury sports car 
segment of the electric car market. Nevertheless, third, 
hydrogen fuel cells are widely used in California for bus 
transport. The Obama administration’s Stimulus Package 
is vital to the continuation of companies like Alameda- 
Contra Costa Transit who are part of the Federal Transit 
Commission National Fuel Cell Bus programme. 

5.4. California's green strategy evolution 

It may be argued that California’s ‘sustainable 
development’ policy has gone through three mutations 
as it has evolved over time. First (1945-1969) was the 
shock of understanding that the interaction of 
vehicle emissions with sunlight generated the toxic 
atmospheric pollution condition popularly known as 
smog, and responses to it. However, by the 1970s as 
policy continued to reveal concern with vehicular 
emissions it also showed an increasing concern about 
energy efficiency and early fears consequent upon the 
discovery of the existence of greenhouse gases (GHGs) 
and the first anxieties about the newly-minted concept 
of ‘global warming’. Numerous anchor agencies like 
the ARB for monitoring and regulating pollution were 
set up in this era and a lead role given to the California 
Energy Commission. The second era (1990-1999) 
showed policy perturbations based on more widespread 
concern about clean air standards being translated into a 
firmer grip on the quest to move beyond the exploitation 
of fossil fuels and the incentivisation of moves towards 
discovery and utilisation of renewable fuels. At this 
point, so much was there a symbiosis between 
California’s early concerns with environmental pollu¬ 


tion and the later realisation of the extent of the problem 
over much of the urbanised US that the basis of the 
federal Clean Air Acts was 1988’s California Clean Air 
Act. The third era (2000-2010) displayed a growing 
emphasis upon measures intended to contribute to the 
mitigation of climate change involving targeted GHG 
emissions reduction measures, experimentation with 
hydrogen and fuel cells both static and in vehicles and a 
policy for cap-and-trade carbon reduction strategy. All 
in all, given California’s massive motorisation culture, it 
would be misleading to say that mobility pollution 
occupied a low agenda position, rather that it was joined 
by wider concerns regarding energy, construction and 
potential infrastructure systems failure occasioned by 
climate change. In general, California has been ahead of 
much of the rest of the US in these concerns and its 
strategies have often preceded and seldom clashed with 
those adopted at the federal level. 

5.5. Vehicular emissions and atmospheric pollution 

In 1945, the City of Los Angeles began its air 
pollution control programme, establishing the Bureau 
of Smoke Control in its health department, but studies 
showed that the Los Angeles area’s smog problem 
needed a county-wide collaboration. On June 10, 1947, 
California Governor Earl Warren signed into law the Air 
Pollution Control Act, authorising the creation of an Air 
Pollution Control District in every county of the state. 
The Los Angeles County Air Pollution Control District 
was the first to be established. Following significant 
research into automotive emissions and marine C0 2 
absorption deficiencies, in 1959 California enacted 
legislation requiring the state Department of Public 
Health to establish air quality standards and necessary 
controls for motor vehicle emissions. The first statewide 
air quality standards were set by the Department of 
Public Health for total suspended particulates, photo¬ 
chemical oxidants, sulphur dioxide, nitrogen dioxide, 
and carbon monoxide. Following enactment of the first 
federal Clean Air Act of 1963 (amended 1965 by the 
Motor Vehicle Air Pollution Control Act of 1965) which 
empowered the federal Secretary of Health, Education, 
and Welfare to define air quality criteria based on 
scientific studies and provided grants to state and local 
air pollution control districts. Thus direct regulation of 
air pollution by the federal government was provided 
for, and the responsible department identified and 
directed to establish auto emission standards. In 1966, 
the California Motor Vehicle Pollution Control Board 
adopted vehicle exhaust pipe emission standards for 
hydrocarbons and carbon monoxide. They were the first 
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of their kind in the nation. The California Air Resources 
Board (ARB) was created from the merging of the 
California Motor Vehicle Pollution Control Board and 
the Bureau of Air Sanitation and its Laboratory. The 
Mulford-Carrell Air Resources Act was signed into law 
by Governor Ronald Reagan. The Federal Air Quality 
Act of 1967 allowed the State of California a waiver to 
set and enforce its own emissions standards for new 
vehicles based on California’s unique need for more 
stringent controls. 

5.5 In 1977, the California Energy Commission 
adopted the world’s first energy efficiency standards for 
both residential and non-residential buildings. The 
standards were to be updated every three years to take 
advantage of new and better technologies. California’s 
Smog Check Programme went into effect in 1984 
identifying vehicles in need of maintenance and to assure 
the effectiveness of their emission control systems on a 
biennial basis. In 1988, the California Energy Commis¬ 
sion was made the lead agency for climate change issues. 
The Energy Commission was statutorily directed to 
prepare, in consultation with the ARB and other agencies, 
and maintain the state’s inventory of Greenhouse Gas 
(GHG) emissions. The legislation also directed the 
Commission to issue a report on GHG emissions and how 
global warming trends might affect California’s energy 
supplies and demand, economy, environment, agricul¬ 
ture, and water supplies. That same year, the California 
Fuel Methanol Reserve was established. Leading oil 
companies signed agreements with the Commission to 
establish M85 fuelling stations as part of a ten-year 
demonstration programme that eventually served tens of 
thousands of alternative fuel vehicles. The California 
Clean Air Act was signed by Governor Deukmejian in 
1988. The Act set forth the framework for how air quality 
would be managed in California for the next 20 years. In 
1990, California’s population reached 30 million people. 
Total registered vehicles reached 23 million and vehicle 
miles travelled is 242 billion. Cumulative California 
vehicle emissions for NO* and HC are about 1.4 million 
tonnes/year. This is 200,000 tonnes/year less than in 1980 
despite a rise of 87 billion in vehicle miles travelled 
(VMT). 

5.7. From clean air to renewable energy 

The federal Clean Air Act amendments of 1990 were 
signed into law relying largely on elements of 
California’s act, and requiring a number of new 
programmes aimed at curbing urban ozone, rural acid 
rain, stratospheric ozone, toxic air pollutant emissions 
and vehicle emissions. It established a new, uniform 


national permit system. The California Clean Air Act 
also established a California pilot programme requiring 
150,000 clean fuel vehicles a year by 1996, increasing to 
300,000 year by 1999. Phase I California clean-burning 
(reformulated) gasoline came to market in 1992 cutting 
carbon monoxide by 10%, four years later California’s 
Phase II Cleaner Burning Gasoline (CBG) came to 
market further reducing non Climate Change pollutants. 
In 1998, the Energy Commission releases its Global 
Climate Change Report: Greenhouse Gas Emission 
Reduction Strategies for California outlining strategies 
for reducing GHG emissions. As part of the state’s 
deregulation of the electricity industry, the Energy 
Commission began the Renewable Energy Incentive 
Programme, which supported incentives for renewable 
energy production from existing facilities; funding for 
new large-scale wind, geothermal and solar facilities; and 
rebates for installation of solar electricity systems on 
homes and businesses. The California Fuel Cell Partner¬ 
ship, a public-private venture to demonstrate fuel cell 
vehicles, formally began in 1999. The Partnership 
included vehicle manufactures, energy providers, fuel 
cell manufacturers and the State of California. 

5.8. Climate change mitigation 

In 2000 the legislature created a non-profit organisa¬ 
tion, the California Climate Action Registry to assist 
various California institutions to establish greenhouse 
gas (GHG) emissions benchmarks. In 2001, the 
California Energy Commission was charged to provide 
guidance to the Registry on a number of issues, such 
as, developing GHG emissions protocols, qualifying 
third-party organisations to provide technical assis¬ 
tance, and qualifying third-party organisations to 
provide certification of emissions baselines and 
inventories. In the same year, Zero-emission vehicle 
mandate was upheld, with modified requirements. 
Automakers were required to produce between 4450 
and 15,450 zero-emission cars starting in 2003 and a 
new private/public partnership, called the California 
Stationary Fuel Cell Collaborative, was created seeking 
to reduce demand on California’s electrical grid by 
encouraging commercialisation of stationary fuel cells. 
Other legislation included: requiring ARB to adopt 
regulations that ensure reductions in GHG emissions; 
the Registry to explore sequestration of carbon dioxide 
as a possible way to reduce GHG emissions; and a state¬ 
wide standard goal of 20% of electricity produced by 
renewable resources by 2017 (later reduced to 2010). In 
2002 ARB and Registry required to regulate on car, bus 
integrated energy and forestry GHGs and 2003 
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residential waste and sulphur reduction in diesel. In 
2004, the ARB adopted the nation’s first “Greenhouse 
Gas” rule that required vehicle manufacturers to begin 
selling vehicles with reduced greenhouse gas emissions 
by model year. 

5.9 In 2004 Governor Schwarzenegger issued an 
Executive Order outlining his vision for the California 
Hydrogen Highway Network and in 2005 announced 
the following greenhouse gas targets: by 2010, reduce to 
2000 emission levels; by 2020, reduce to 1990 emission 
levels; by 2050, reduce to 80% below 1990 levels. 
Accordingly, the California Global Warming Solutions 
Act of 2006 established the world’s first comprehensive 
programme of regulatory and market mechanisms to 
achieve real, quantifiable, cost-effective reductions in 
greenhouse gases (GHG). A 2007 Executive Order 
established that by 2020 the carbon intensity of 
California’s passenger vehicle fuels would be reduced 
by at least 10 percent. In 2008 a Governor’s executive 
order instructed state agencies to prepare for climate 
change by appropriate action following the release of a 
report by an economist at the University of California, 
Berkeley, predicting that the state, if it failed to act, 
could suffer tens of billions of dollars in damage to its 
real estate, transportation systems and industries from 
water, fire and other climate-driven calamities. In 2009 
The California Air Resources Board (CARB), charged 
with implementing the state’s landmark 2006 A.B. 32 
climate change legislation, released for public review 
and comment the draught regulations for a cap-and- 
trade programme and the California Natural Resources 
Agency published a report that outlines a 12-part 
climate change adaptation strategy for the state. 

5.10. US national developments 

Although US policy relating to renewable energy can 
be traced back to the Biomass Research & Development 
Act of 2000, the interest in this type of energy has 
greatly increased and diversified since then. Energy 
policy really came into effect in 2005 with the Bush 
Administration, which focused on biomass as well as 
several other forms of renewable energy in the Energy 
Policy Act of 2005. This Act changed US energy policy 
by providing tax incentives and loan guarantees for 
energy production of various types, it is largely the base 
for all future energy policies. In addition, the Act 
increased the amount of biofuel that must be mixed with 
gasoline in the US by 2006 (4 billion gallons), 
increasing the percentage in increments (6.1 billion 
gallons in 2006) until 2012 (7.5 billion gallons); 
provided subsidies for wind and other alternative energy 


producers; and, for the first time, listed tidal and wave 
energy separately. Interestingly, nuclear energy devel¬ 
opment and fossil fuel production were provided the 
highest government subsidies and the Clean Renewable 
Energy Bonds (CREBs) received the least amount of 
financial support ($500 million). Given the criticism of 
this policy, in the 2007 State of the Union Address, 
President Bush explained his ‘20-in-10 plan’ which was 
a strategy to reduce US gasoline usage by 20% in 10 
years. The fuel-crisis context and the timing of these 
interventions are both significant to the take-off of 
interest in renewables in, for example, California. 

5.11 The Energy Independence & Security Act of 

2007 was the result of the ‘20-in-10 plan’ which 
promoted energy efficiency in the automotive industry, 
appliance/lighting industry and green jobs growth. 
Taxpayer funding would also be used to increase biofuel 
production and R&D of solar, geothermal, marine and 
hydrokinetic technology. Whilst this Act clearly focuses 
more on renewable energy than the 2005 policy, due to 
the administration change, and the global economic 
recession, renewable energy appears in policy is in the 
Obama administration s Emergency Economic Stabi¬ 
lisation Act of 2008. Through this Act, tax incentives 
were either enhanced from previous policies or added. 
An example of the former is the renewal of CREBs with 
increased funding to $800 million for facilities that 
generate clean electricity. New incentives were also 
introduced such as the Qualified Energy Conservation 
Bonds (QECBs) which created new tax credit bonds 
($800 million) for state and local government initiatives 
designed to reduce greenhouse gas emissions. Of 
particular importance to this report is the consumer 
automotive technology incentive, like the Plug-In 
Electric Drive Vehicle Credit which credits consumers 
with $2500-$7500. Biomass production, biofuel pro¬ 
duction, wind energy development and housing credits 
were also updated with this Act. 

5.12 Whilst the Act of 2008 was devised to stabilise 
the American economy, the American Recovery & 
Reinvestment Act (ARRA) of 2009, was devised to aid 
in economic revival. Many of the renewable energy 
incentives listed in ARRA were originally passed into 
law under the Energy Policy Act of 2005 and amended 
in the Economic Stabilisation Act of 2008. ARRA 
provides an additional £1.6 billion of CREBs, which 
doubles the amount set forth in the Stabilisation Act of 

2008 and triples the amount set forth during the Bush 
Administration. The QECBs limitation was also 
increased to $3.2 billion. Beyond project-based fund¬ 
ing, ARRA also provided consumer tax incentives for 
homes and cars. The latter evolve as the aim of the 
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Obama administration when devising ARRA was to 
have 1 million electric vehicles on the road by 2015. To 
reach this goal, $14 billion has been allocated for 
electric vehicle R&D through ARRA, encompassing the 
subsidies for the related sectors such as: battery 
manufacturing ($2b); Vehicle Tax Credit ($2b); deploy¬ 
ment of plug-in infrastructure and vehicles ($400 
million), public purchase of commercially available 
high-efficiency vehicles ($300 million) (Zhang & Cooke, 
2010). Another $6 billionn- was allocated for the 
Innovative Technology Loan Guarantee programme 
which can also be applied to EVs. This programme 
provides loan funding to help automakers retool to make 
much more fuel efficient vehicles like EVs. 

6. UK: a green turn in Wales 

6.1 In Wales (UK), there has long been a close 
relationship with hydrogen fuel cell (HFC) technology 
since the technology, the predominant motive force in 
rocket engineering, was invented by Swansea scientist 
William Grove in 1857. Coincidentally, Wales is 
identified as one of Europe’s top sixteen HFC regions 
in research by Nygaard (2008). Amongst achievements 
warranting that status are the prototype Tribrid Bus 
developed at the University Glamorgan, the H2Wales 
network based at Baglan Energy Park, Port Talbot and 
the car-design work of Connaught Engineering and the 
Naro car company. But HFC is not the most prominent 
technology design in the Welsh renewable energy 
equipment spectrum. That accolade probably belongs 
currently with the production of energy from Biomass. 
Here is a sphere in which Welsh research is at the global 
forefront, mainly through its grassland research institute 
IBERS (formerly the Institute of Grassland and 
Environmental Research - IGER) since 2008 part of 
the University of Wales, Aberystwyth. In 2004 IGER 
opened a biofuels research and commercialisation 
division due to its evolving expertise in understanding 
improving the calorific content of feedstock plants by 
experimenting with ryegrass, short rotation willow, and 
miscanthus (Asian elephant grass). This connects to our 
earlier point regarding ‘revealed related variety’ 
because this research institute manages to combine 
innovation at interfaces amongst organic food, biofuels 
and tourism, promoting indigenous entrepreneurship in 
three industries on which Wales has been path 
dependent for centuries. In particular, this represents 
eco-innovation by exploration of the ‘adjacent possi¬ 
ble’, in the sense that long-term improvements to the 
nutritional value of animal fodder by increasing its sugar 
content had produced a product, the calorific value of 


which also made it suitable as a biofuel. The now 
questioned, UN-initiated idea of ‘crops for fuel’ made 
this step from fodder into the ‘adjacent possible’ of 
renewables by the research team in question less testing 
than it might seem. It too was stimulated by the ‘shock’ of 
the oil price hikes in the mid-2000s in the context of a new 
regional government committed pervasively to ‘sustain¬ 
ability’. Here, unquestionably, was a case of sub-state 
‘potential’ and ‘connectivity’ being activated earlier than 
at state level, where there was at the time less evidently a 
firm commitment of this kind. 

6.2 IBERS conducts much industrial contract 
research and advisory activity. This interweaves with 
the three noted sectors in the following ways. First, 
IBERS advised the tourist theme park business Oak- 
wood Leisure in Pembrokeshire on a green tourism plan 
for a new leisure complex named Bluestone for the 
uniquely coloured stone quarried nearby of which many 
Neolithic monuments like Stonehenge are composed. 
The €130 million leisure park consists of 340 
sustainably sourced wooden chalets and a Celtic village 
of 80 adjoining buildings part-located in the Pembroke¬ 
shire Coast National Park. Additional facilities include 
a snowdome, waterworld park, indoor tropical garden 
and sports centre. It houses 2000 residents and receives 
5000 day visitors. Bluestone directly employs 600 
catering and hospitality staff and indirectly supports 100 
jobs with its suppliers. By offering a ‘green tourism’ 
solution Oakwood finally achieved planning permission 
to go ahead with such a development, which included 
building on two fields that were inside the National Park 
boundary. The project was grant aided by the national 
park authority through its Sustainable Development 
Fund and by the UK government’s (DEFRA) carbon- 
neutral crops scheme. University of Wales, Bangor’s 
Centre for Alternative Land Use (CALU) was also 
consulted. IBERS advised Bluestone on its renewable 
energy strategy, which consists of 3 MW of biomass 
burning combined heat and power (CHP) units. Initially 
IBERS favoured miscanthus but opted finally for short- 
rotation willow wood chips as the main fuel source. 
These are grown by 50 farmers in a localised supply 
chain managed by an energy company called Pem¬ 
brokeshire Bioenergy. 

6.3 Completing the green symbolism of this tourism 
project is the Bluestone culinary strategy, which is to 
supply tourist food from a localised food network of 
mainly but not exclusively organic farms. Amongst its 
suppliers are successful food ‘aggregator’ firms such as 
Castell Howell Foods based at nearby Cross Hands Food 
Park, a major west Wales centre for food processing and 
packaging. Returning to renewable energy, Wales now 
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has fifteen biomass power stations, including two in the 
pipeline and three co-firing arrangements with large coal 
burning power stations. Amongst these is Europe’s first 
commercial scale biomass power station in Port Talbot, 
which became fully operational by June 2008. Producing 
13.8 MW of renewable energy the station generates 
104 GWh per year, sufficient to meet the needs of around 
31,000 homes. The Cardiff-based renewable energy 
company Eco2 designed and managed construction of 
the power station, for a project originally proposed by the 
Western Log group, using boilers sourced from Aalborg 
Energie Technik in north Jutland, Denmark. The plant is 
fuelled with 160,000 tonnes per year of clean wood which 
has come from sustainable, managed forests and saw 
mills. With trees drawing carbon dioxide from the 
atmosphere as they grow, the carbon dioxide produced in 
combustion results in no net increase of the gas. By 
generating electricity in this way, some 47,000 tonnes of 
equivalent fossil fuel carbon dioxide emissions are 
avoided. In 2010, Wales also opened the largest biomass 
power station in Europe. It is eight times the size of the 
UK’s next-biggest biomass-fuelled power station. The 
plant creates 150 full-time jobs and delivers 70% of the 
Welsh renewable energy target for 2010 displacing 3.5 
million tonnes of carbon dioxide emissions from older 
power stations. Wood chips from sustainable forests in 
the United States, Canada, Eastern Europe and South 
America will be shipped in to fuel the station. This might 
not sound very ‘sustainable’ until it is realised that it will 
reduce demand for coal-fired energy, which in Wales 
accounts for roughly a third of total greenhouse gases (De 
Laurentis, 2009). 

6.4 The aforementioned Eco2 , one of the UK’s 
leading renewable energy RD&D firms was not 
involved in this huge investment and it is nowadays 
re-positioning itself as a global leader in tidal energy 
systems. Most of Cardiff-based Eco2' s contracts are 
with UK and increasingly European clients. Eco2 has a 
business model said to be common in eco-business, 
whereby the firm calls on a group of ten or so investors 
to fund projects and take a return subject only to capital 
gains rather than corporation tax. This is realised when 
the project is sold or a project client makes final 
payment. This enables Eco2 to be a tax-efficient, 
knowledge based research, development and innovation 
vehicle. Amongst its clients is the Sleaford Renewable 
Energy Plant for whom a straw-fired power station 
opened in late 2008. Eco2’s first such plant, generating 
38 MW was built at Ely, Cambridgeshire for Energy 
Power Resources Ltd. The new one is the UK’s largest 
straw-fired biomass burner and first in Eco2’ s new £lbn 
programme to develop up to 10 biomass facilities across 


Europe. It will create 80 jobs, bringing £6 million a year 
to local farmers in fuel supply contracts and £20 million 
for local construction firms. It will power the equivalent 
of 65,000 homes, one quarter of all houses in 
Lincolnshire. Having begun in the wind farm business, 
of which the firm owns a number with two awaiting 
planning permission, wind energy has now scaled up 
beyond Eco2’ s capacity, hence the move into biomass. 
The company’s most recent development is in tidal 
energy as it partners fellow Cardiff firm Tidal Energy 
Limited to develop DeltaStream - an innovative 
technology designed to generate electrical power from 
tidal stream resources. A 1 MW tidal energy turbine has 
been successfully trialled in Milford Haven, Pembroke¬ 
shire in partnership with Carbon Connexions Ltd. along 
with Cardiff and Cranfield Universities. 

6.5. The sustainable development strategy for 
Wales 

The national governments of the UK (Northern 
Ireland, Scotland and Wales) are not devolved on the 
issue of renewable energy; however, the implementation 
of the policy and its targets (as long as they are above the 
UK-wide standards) are enacted at the discretion of the 
individual governments. For example, Renewable 
Obligations Certificates (ROCs) are a method whereby 
power generators are required to use a proportion of 
renewable sources as part of their feedstock. ROCs 
received per unit of electricity generated through marine 
energy are the same in England as in Wales; however, to 
be more competitive, Scotland offers more ROCs per 
unit. Scotland is allowed to do this because the minimum 
requirement is met. Similarly, Welsh targets for carbon 
emission reduction are higher than the UK government 
figures. In terms of policy, this equates to strategies set 
forth at the Welsh level that are interpretations of the 
strategies set forth at the UK level. This is demonstrated 
in the Renewable Energy Act of 2008’s implementation 
section which outlines the Welsh policy alignments with 
UK policy. 

6.6 The current Welsh government’s (WAG) 
approach to renewable energy was first set out in the 
One Wales, One Planet scheme that presented the vision 
for a sustainable Wales. Following on the publication 
from 2007 of the Micro-generation Action Plan for 
Wales, in 2008 the Renewable Energy Route Map for 
Wales provided the government with the statistics 
relating to practical renewable electricity and renewable 
heat generation through to 2025. This highlighted the 
potential of the Welsh coastline, geography and climate 
in meeting and exceeding the targets (33 TWh/year of 
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electricity from renewables by 2025). More recently, 
WAG published the Green Jobs Strategy in 2009. In 
2010, the Climate Change Strategy was completed as 
well as the Energy Policy Statement. This policy 
provides the most up-to-date targets for renewable 
energy production in Wales and the subsidies that are 
available to reach those aims. These subsidies include: 

• £30 million WAG investment to secure private sector 
funding of £350 million for the Wales Strategic 
Energy Performance Assessment to make domestic 
energy efficiency improvements in Wales; 

• £15 million EU funding to support 22 community 
energy projects in Wales; 

• £17 million for next phase of the Wood Energy 
Business Scheme - grant aid for wood fuel heating, 
small scale wood fuel electricity generation and fuel 
supply business development; 

• Working with the Distribution Network Operators in 
Wales to promote uptake of the £500 million OFGEM 
(the regulator) Low Carbon Networks fund; 

• Distribution of the 2007-2013 European Structural 
Funds with a total investment of £3.9 billion. 

6.7 These subsidies are in addition to those set forth 
at the UK government level (e.g. ROCs). In addition, 
further EU-funding is available to firms on a project 
basis. Due to the continued allocation of EU Structural 
(Convergence) Funds to Wales, distinctive projects can 


be pursued by renewable energy firms. Thus, as with 
innovation more generally, the EU has been a far more 
significant responder to and stimulator of eco-innova- 
tion in Wales than successive liberal market-minded UK 
governments. Here fast, small entrepreneurial actors 
interact fruitfully with the large, slow upper level albeit 
utilising productivist rather than consumer subventions 
from the EU matched by regional, not national 
economic resources. 

6.8 One of the unique aspects of Climate Change 
strategy and eco-innovation policy in Wales is that since 
its inception in 1999 the Welsh Government has made 
sustainability an underlying cross-cutting issue affect¬ 
ing ah devolved policy areas. Thus the Government of 
Wales Act 1998 made it a legal duty for the Assembly to 
promote sustainable development at ah levels and 
sectors so that the Assembly Government’s vision is one 
that puts the climate change and sustainability discourse 
constitutionally at the centre of their agenda (Fig. 3). 
The approach followed shows a move from a 4 silo’ 
governance approach towards a more 4 joined-up’ 
approach to policies to tackle the challenges and 
opportunities of climate change, trying also to foster 
collaboration between industry and public research 
organisations. All governments are faced with the 
difficulty of evolving more matrix-like structures in 
government, even extending outwards in their govern¬ 
ance relations with other stakeholders. The urgency of 
this aspiration has been underlined in the 2007-2010 



Fig. 3. Conceptual framework of co-evolutionary eco-innovation. 
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global financial crisis where many governments have 
cut public expenditure to reduce sovereign debt and 
more must be done with fewer resources in con¬ 
sequence. This is recognised by OECD which 
published research and policy advice on precisely 
how to achieve joined-up government in such a climate 
(Froy & Giguere, 2010). The Welsh Assembly also 
recognises that there is a need for coherence between 
policies, and has thus adopted a holistic approach to 
energy policies, eco-innovation, training and planning 
policies, emphasising and promoting a diversity of 
options and strong coherence between different policy 
domains. It is widely accepted that the interaction lines 
represented in Fig. 4 have to be followed if 
government at sub-UK level is to deliver a low carbon 
energy agenda. 

6.9 Since there is nothing in this approach that 
weakens implementation of policy at UK level it is 
accepted that devolution of sustainability issues assists 
the achievement of overall UK commitments. Of 
course, it all depends on the quality of policy 
implementation. Research conducted into this issue 
discovered that whilst some business users of Assembly 
sustainability policies were enthusiastic about Assem¬ 
bly support, others were less so (De Faurentis, 2009). 
However, in some ways even the critics were referring 
to problems associated with success under complicated 
circumstances. Thus problems arise because the 
Assembly is responsible for some relevant policy but 
not of other relevant policy which still under the control 


of the UK government. A specific illustration refers to 
energy crops and biomass where Assembly’s policy is to 
stimulate demand. This was successfully done by 
running an energy business scheme through combining 
agricultural and economic development policy instru¬ 
ments, subsidised partly with EU Convergence Fund 
transfers. However, the scheme, which provided a 50% 
subsidy for biomass became oversubscribed and 
applicants had to accept a 30% subsidy. This deterred 
producers somewhat, yet demand continued to exceed 
supply with the result that suppliers began importing 
biomass which logically could have been domestically 
produced. One consequence is that the renewable 
energy target was revised downwards, losing the 
Assembly some credibility regarding its commitment 
to furthering its sustainability commitment. 

6.10 Eco-firms are thus somewhat hampered by 
competing demands for generic agricultural or eco¬ 
nomic development support programmes. Eco-financial 
support received by three-quarters of firms surveyed 
comes from generic Assembly Government budgets for 
business development, marketing or product develop¬ 
ment such as Flexible Support for Business, Business 
Eye, EGS Innovation, Finance Wales, and the Single 
Investment Fund. A third also sought financial 
assistance from UK support programmes (such as 
DEFRA, BIS (former DTI), Technology Strategy 
Board) and 22% from EU support programmes (under 
Framework programmes FP5, FP6, FP7). Further 
financial help may be provided by local government. 


Energy developments - government policies perspective 
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Fig. 4. Climate change and sustainability issues interacting with related policies: Wales. 
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Despite these complexities, some 90% of eco-busi- 
nesses received their requested funding from such 
generic support funds. Environmental regulation is 
accepted as important and firms see it as a further form 
of support since grants are available to assist achieve¬ 
ment of accreditation and associated training. Finally, 
public procurement at regional and local level is seen as 
an important vehicle to raise the profile and support 
demand within the industry but also as a means to raise 
awareness and provide best case examples to showcase 
Wales around the world. However conflicts of inter¬ 
pretation of, for example EU procurement rules, mean 
that opportunities for sustainable local and regional 
sourcing of food for schools and hospitals. 

6.11. UK national developments 

Before the decrease in domestic coal production and 
the depletion of natural gas and oil reserves, the UK was 
largely self-reliant in terms of energy. With the increased 
demand for energy imports, and concern over the security 
of supply, the UK government is increasingly exploring 
domestic renewable energy options. The Utilities Act of 
2000, which established ROCs, gave the Secretary of 
State the power to require electricity suppliers to supply a 
certain proportion of their total UK sales from electricity 
generated from renewable sources. This was enacted in 
England and Wales in 2000 and under a different form in 
Scotland in 2002 and Northern Ireland in 2005. Neither 
energy nor renewable energy policy are devolved in the 
UK, meaning that whole of the UK can benefit from 
subsidies set forth in policy at the UK level; however, 
there is discretion provided to the individual nations 
regarding policy implementation and policy targets. This 
is evident in the implementation of ROCs, as we have 
seen, and it will be increasingly apparent that the energy 
policy may vary throughout the UK through remaining 
examples. 

6.12 Another major step for the UK Government was 
setting out its energy policy in 2007 with the White Paper 
‘Meeting the Energy Challenge’. This was based on a UK 
Government Energy White Paper published in 2003. The 
2007 Paper highlighted the inadequacies of the UK’s 
current energy policy and the strategies (such as the Low 
Carbon Vehicle Procurement Programme) to increase the 
development of renewable energy whilst decreasing the 
need for non-renewable energy. Thus much eco- 
innovation in the UK was from small and fast agents 
inspired by the climate change crisis more than higher- 
level incentive or subsidy regimes. The programme is run 
by the Department of Transportation (DOT) and Cenex, 
the UK’s Centre of Excellence for Low Carbon and Fuel 


Cell Technologies. Their aim is to accelerate the 
introduction of lower carbon technologies onto the UK 
vehicle market, particularly lower carbon and all-electric 
vans. Initial funding of £20 million is available to help 
meet the additional costs for public sector organisations 
in procuring innovative, lower carbon vehicles, with the 
potential for a further £30 million if early results are 
successful. This White Paper was revised and published 
as the Renewable Energy Strategy in 2008. This strategy 
for renewable energy development formed the 2008 
Energy Act. From this Act, the Department of Energy & 
Climate Change (DECC) was created, with ties to the 
Department for Business and Regulatory Reform and the 
Department for Agriculture, Food & Rural Affairs. 

6.13 The Renewable Energy Act described the 
economic benefits of converting to renewable energy 
and the economic support available to firms and 
consumers who were willing to take part. Realising 
the state of the economy in 2008 and the need for 
innovation in renewable energy both at home and 
abroad, it was clarified that renewable energy and other 
energy projects based in the UK could receive up to £4 
billion of new capital from the European Investment 
Bank (EIB) through direct lending to energy projects 
and intermediated lending to banks. Renewable 
Obligation Certificates (ROCs) were increased to 
support the production of electricity through alternative 
means and the Renewable Transport Fuel Obligation 
(which sets the percentage of biofuel in petrol) was 
raised to 5% by volume by 2013-2014. The EU 
commitment is higher. In addition, due to the long-term 
nature of certain renewable energy investments (e.g. 
solar panels) the feed-in tariff has been extended for the 
Renewable Heat Incentive which provides financial 
support for distributed renewable energy that is 
comprehensive and long term. Because of excessive 
demand from eco-firms constructing solar power station 
‘farms’ in the UK FITs for solar energy have had to be 
limited to domestic investors only to limit funding 
oversubscription. The FITs were originally and con¬ 
tinue to be used as a legally guaranteed minimum 
payment per unit of electricity generated through 
renewable energy in most of the EU countries. 

6.14 Keeping the focus on the economic crisis, the 
New Industries, New Jobs (NINJ) strategy was 
produced in early 2009 that outlined the current 
industrial situation in each of the English regions 
(similar assessments were completed for the other UK 
countries), and the potential to use these areas as break¬ 
out spaces for eco-innovation. The DECC was a partner 
in the Investing in a Low Carbon Britain document in 
2009 (this led to the Low Carbon Industrial Strategy in 
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2009) which capitalised on the NINJ findings to attract 
investment in new renewable energy industries in the 
UK. To demonstrate government support for the project, 
the latter strategy provided subsidies for renewable 
energy innovation in broad fields (including nuclear 
technology) as well as more specific products (e.g. low 
carbon vehicles). Electric Vehicles were also in focus in 
relation to Ultra-Low Carbon Vehicles in the UK 
Strategy in 2009. Much of this legislation was following 
not leading eco-innovation and was highly ‘producti- 
vist’ with little direct advantage for consumers. 

6.15 The Ultra-Low Carbon Strategy, handled by 
DECC and DOT, provides economic incentives to a range 
of stakeholders, for hydrogen powered, plug-in hybrid, 
and fully electric vehicles. This has an extremely long 
timeline from research to production to mainstream use, 
typical of large, slow adaptive systems. Subsidies are also 
generic not specifically broken down for each product. 
The strategy provides: £2.3 billion to support the 
development of green technologies for carbon reduction; 
£20 million to support infrastructure development in lead 
cities and regions; £20 million from the existing DOT 
Low Carbon Vehicle Programme (2007); £250 million 
consumer incentives (£2000-£5000 each); and funding 
for the Ultra Low Carbon Vehicle Demonstrator Project. 
The project is part of the Technology Strategy Board’s 
(TSB) Low Carbon Vehicle Platform. The TSB project 
provides over 340 electric and plug-in hybrid cars in eight 
UK locations with the aim of gathering consumer data. 
Beyond 2009, the UK government was in the process of 
approving the ‘Green Deal’ Energy bill in early 2011. 
This bill is expected to revolutionise the property market 
in Britain through improving the energy performance of 
buildings, both public and private. Essentially, this bill 
would allow both private citizens and businesses to take 
out a loan to pay for energy efficiency improvements to 
the structure and repay the loan from the energy savings. 
Leed in tariffs are envisaged (long after their establish¬ 
ment in many other OECD countries). It may also 
introduce law to regulate coal emissions from power 
plants, regulate the energy supply to ensure fair 
competition, and create a smart grid. 

7. Two exemplars of hybrid eco-innovation 
policy systems 

7.1 In the preceding liberal market examples, much 
initiative is observable from below and in the private 
sector which may anticipate but not depend upon a 
benign national subsidy and incentive scheme to kick- 
start eco-innovative activity. In this section, we are 
concerned a with a less arm’s length but still not 


determinative relationship between a national regime 
that may, in a relatively slow-moving way, establish a 
conscious climate change strategy or a renewable 
energy or electric mobility programme, whilst at the 
same time granting or responding to eco-innovation 
initiative from below. Hence we are here focusing on 
mixed or hybrid systems where there is some regional 
autonomy in regulatory terms but again considerable 
entrepreneurial initiative for eco-innovation either 
stimulated by or bringing forth national subsidy and 
incentive schemes. This may, in turn, as we shall see, be 
devolved regionally for implementation purposes on 
occasions. Such systems tend to be called ‘hybrid’ 
because they combine a liberal market economic regime 
with a co-ordinated market welfare regime. Denmark is 
a clearly established case, China is an experiment in 
progress where liberal market reforms have been 
established since Deng Xiao Ping’s decentralising 
decree in 1992, but most housing education and limited 
healthcare whilst substantially state-managed are being 
privatised. In these cases, despite their differences in 
scale, geography and culture, we see some of the most 
efficient and speedy resilience processes building on 
and stimulating small and swift eco-innovation devel¬ 
opments in effective interaction with slower, upper-tier 
regulatory regimes. In the case of Denmark, this has 
been enhanced by regional administrative devolution 
since 2007, whilst in China, the whole rapid market 
emergence has been predicated on decentralisation of 
significant economic power to the provinces and city 
prefectures that move extremely swiftly from their 
lower scale positions to take opportunities opened from 
above by slower, grander scale regulatory shifts in 
environmental and economic policies. 

8. Denmark: collective entrepreneurship in 
eco-innovation 

8.1 One of the best and most impressive swift, lower- 
tier eco-innovation initiatives in the world was 
Copenhagen’s leadership of the Dogma programme, 
which was completed by 2009. Dogma was fundamen¬ 
tally a policy network; that is, an informal or semi- 
formal organisational mechanism involving public and 
private individuals, stakeholder groups, organisations 
and associations that interact around specific multi-level 
policies and programmes. Network stability derives 
from establishment of trust, reliability, reputation and 
customary rules to which network members adhere. 
Network maintenance is secured by the access members 
have to resources and influence in projects. Network 
management, brokerage and facilitation are necessary 



124 


P. Cooke /Progress in Planning 76 (2011) 105-146 


functions taken by different network members in the 
target group. This is illustrated in the practical sense by 
Jensen and Tollin (2004) in their disclosure of how 
networks spread innovative policy knowledge in 
Copenhagen’s Dogma sustainable development strate¬ 
gies and actions. The dogma is a set of rules that each 
member of the network agrees and signs up to but must 
achieve otherwise they cease their membership of the 
network in ‘punishment’. For its member municipa¬ 
lities, Dogma performed the role of ‘environmental 
foreign policy’ meaning it should be a ‘lighthouse’ 
demonstration project on how to make cities more 
sustainable whilst also acting as good global neigh¬ 
bours. Thus Dogma acted as an umbrella for various 
environmental initiatives, rendering environmental 
policy more efficient. The authors also make a key 
point in referring here to the complexity issue where 
many networks being related to sustainable develop¬ 
ment evolve into a ‘network of networks’ structure. This 
itself became formalised into a ‘project’ with envi¬ 
sioned actions, rules, performance audits, etc. as the 
Dogma project, involving the city and towns of 
Copenhagen, Albertslund, Ballerup, Fredericia and 
Herning. Dogma was successful in that all members 
achieved the sustainability objectives agreed to in the 
rules and it gave rise to new networks, like the 
‘Copenhagen Environmental Network’ (since renamed 
Key2Green) involving the city and private entrepre¬ 
neurs. Accordingly, Dogma became an inspiration for 
policy makers, firms and stakeholders supportive of the 
need for lower-tier swift action to act resiliently in the 
face of the climate change ‘shock’ through evolving 
City Climate Change Strategy, something often 
neglected in the ‘strategic niche management’ literature 
on how ‘green markets’ evolve for clean technologies. 

8.2 Interestingly for its first and best communicated 
initiative, Copenhagen tackled the important climate 
change issue of agro-food emissions. This they did by 
transforming food procurement from conventional to 
organic, which in Copenhagen and the other Dogma 
towns included schools, hospitals, day care and long¬ 
term care homes. Together, these city strategies on 
organic canteen food alone contributed to a 2.25% 
reduction in C0 2 emissions from their institutional food 
chains. In the further important emissions sphere of 
mobility, renewable energy vehicles were promoted and 
bought for bus, car and light truck or van fleets. 
Comparably, passenger transport C0 2 emissions were 
reduced by 10-15% in Copenhagen 1996-2006 
following establishment of urban environmental zones 
and clean technology measures. Next, in regard to waste 
management, another significant climate change con¬ 


tributory factor, in Copenhagen up to 80% of city 
household waste is used in Energy from Waste (EfW) 
power plants whilst over 70% of all waste is recycled. 
Finally, regarding energy, a further major contributor, 
more than 25% of electricity generation in Copenhagen 
is from renewables, notably wind (4%) and solar power 
(3%) in addition to waste (26%). Other towns approved 
building of biogas from waste biofuels plant. Copenha¬ 
gen had, from 1990 to 2005 reduced overall C0 2 
emissions by 23% with the further reduction aim of 35% 
by 1990-2010. These achievements led to Copenhagen, 
home to the EU’s Environmental Protection Agency, 
being elected Environmental Capital of Europe and 
International Solar City. In the Copenhagen Carbon 
Neutral Plan for 2025 the city committed to further 
reduce carbon emissions by 20% by 2015 through 50 
specific initiatives, many involving more efficiency in 
the energy (wind, geothermal, solar replacing coal) and 
transportation grids. 

8.3 We now turn to north Jutland’s putative ‘green 
regional innovation system’ which grew out of the early 
lead established by Danish wind turbine eco-innovators 
(Fig. 5). North Jutland is nowadays specialised in 
building and developing renewable energy through 
District Heating innovations and innovative technology 
mixes. Demanding customers for District Heating in 
Denmark are the municipalities, most of whom run local 
energy supply companies and some 60% of Denmark’s 
citizens rely upon it. Municipalities seek a balanced 
supply and order customised mixes of biomass, biogas, 
wind, solar and marine energy depending on location and 
the type of solution required. The Danish National 
RD&D Strategies for Renewable Energy Technologies 
(2003) and Subsidies for Renewable Electricity Genera¬ 
tion (2004) and the Danish Energy Strategy 2025 (2005) 
set the appropriate framework for Danish heating and 
cooling engineers to evolve multiple renewable energy 
systems combining wind, solar, marine, geothermal, 
biomass and biogas energy to offset variability in supply 
of single sources. Enormous export markets for District 
Heating have opened up in mature and emerging markets 
faced with Climate Change and ‘peak oil’ constraints. 
Within north Jutland is a community of some 100-150 
specialist renewable energy firms, many of which are 
innovative. Illustrative is the case of Logstor a District 
Heating company in north Jutland that had innovated a 
pre-insulated dual pipe system that minimised heat loss 
by fitting the cold water input pipe inside the hot water 
pipe. Together, the District Heating firms, municipalities, 
university laboratories and technology transfer agencies 
created an association entitled Innovative Region: 
Flexible District Heating. 
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The North Central Jutland Wind Turbine Cluster 
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Source: Danish Wind Industry Association Data, 2007 | 

Fig. 5. The Jutland wind turbine cluster. 


8.4 This consortium, renamed Flexenergie , success¬ 
fully bid for a €4 million project from the Danish 
‘Demand Driven Innovation Fund’ which since 2007 
has been managed and implemented through each of 
Denmark’s five regions. This funds a number of future 
projects on multiple renewable energy combinations, 
involving advanced software, sensors and systems 
management of the necessary shifts from one energy 
source to another with associated energy storage issues 
in minimising fluctuations in outputs during transitions. 
Back-up generator facilities remain necessary for the 
hiatus between on-stream energy varieties and a key 
intent is to replace hydrocarbons with renewables even 
for this modest function. A group of projects mixing 
wind with gas, biogas and geothermal are thus 
underway, many in the self-sustaining renewable energy 
municipality of 46,000 at Thisted in north west Jutland. 
This place acts as precisely such a ‘lighthouse’ to the 
world that is interested in emulating its achievements 
with visits in 2010 of delegations from Canada (Mayor 
of Toronto), USA (Pentagon), the Venezuelan Embassy 
and Indian and Bangladeshi energy ministries testify. 
The scale and variety of the north Jutland wind turbine 
cluster is displayed in Fig. 5. It shows how the full range 
of requirements from specialist fibre-glass blade 
manufacturers to gearing, dampening and directional 
engineering firms, systems software and logistics 
suppliers including especially shaped long trucks and 
ships for transporting the nowadays enormous compo¬ 
nents of the typical wind turbine are present. Over¬ 


lapping Jutland’s substantial and globally leading wind 
turbine technology cluster is the main Danish solar 
thermal energy cluster (Fig. 6). This is mostly regional 
in scope and consists of largely indigenous firms and 
their suppliers. These involve firms in two types of 
supply chain - solar collectors, including photovoltaics; 
and heat storage systems. 

8.5 There is insufficient space to offer a satisfying 
explanation for the emerged wind turbine, solar energy 




/ 


y 




Hiirilitciljv*^ TiiILhi 

Vt-Ji'irtnlc Ercml __- f 

/ r jjjr~' s Jr' — f/ Enrr[l ogMMIxtatj 

/ Jr"\- J>( ARCDH Solvjim: A. 3 

| Mii km l Mxilron ft Pdtrmn PkinFitirji 

/I'*®-?'" M 


WOT 

■<6 




t 

j UIhckiimiiii A’S 


Airmail U. S, iit nlbor; 
J Clursfi-iK'nmi'l.S — v 

JofarVenti- > 

Aim bii |a a, ft ■■ 


Ciwi Cut si ll. — ■ 
FjuI Lxjbtrg j- 

«sSV) 

£ JL 


b 


Sensor 




^ \ 

l Fra« Sotai 

; Dan1t»s A'^ V' ) ? 

FflhA IAIN . — *'jC~fj 

^5-Y/ r 


U 

j Oanfoss A'^r d 

L 


^ ED IfeOTlnq Ap$ 

L Fraw Sotan taA 
V 


Tt& 

v CJ 


C 


y 






V < 




V 


Fig. 6. North Jutland’s solar thermal energy cluster. 
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and district heating innovative network but it can be 
understood as a process of Jacobian cluster mutation in 
the region of north Jutland and its embedding national 
regime with its supportive incentive subsidy and 
regulatory framework. Why north Jutland? Kristensen 
(1992) underlines ‘railroadisation’ as a key process 
where Jutland as a whole was opened up on a smaller 
scale but with similar inspiration to that of the Frontier 
West in the nineteenth century USA. With this came two 
key movements. The first was the farmer’s co-operative 
movement where farmers supplied their own production 
and household needs, including banks. The second 
movement was the craft schools, as noted, established in 
over 350 centres, followed by the still flourishing Danish 
Technological Institutes from 1907. Together these made 
a form of social or collective entrepreneurship possible. 
That is, infrastructure, education, technical support, 
finance and markets. Hence ‘social capital’ remains an 
important dimension of the SME-based collective 
entrepreneurship of North Jutland. It makes technologi¬ 
cal branching by means of related variety evolution 
possible. Finally, the existence of a regional innovation 
system infrastructure of technological institutes, techni¬ 
cal and craft schools and universities sustains entrepre¬ 
neurship and localised knowledge transfer. In these 
instances, strategic niche management is successfully 
achieved; hence many of Jutland (and Denmark’s) 
innovative applications are suffused with a Climate 
Change consciousness and ideology on the part of 
business and governance institutions. Accordingly, it acts 
as something of a regional (and national) ‘lighthouse’ for 
an as yet unachieved general paradigm of the post¬ 
hydrocarbon ‘landscape’. It is undoubtedly the case that 
in diverse respects it has many of the elements of a post¬ 
hydrocarbon technological regime in place. 

8.6 In 2010 wind power’s share of Danish electricity 
supply was 20%. It can be seen from Fig. 7 that 
Denmark’s share of wind turbine production employ¬ 
ment was second largest in Europe at 23,500 after 
Germany, with 38,000. Interestingly, Sweden and the 
Netherlands both of which had aspirations and national 
strategies to develop wind energy industries failed to 
achieve critical mass. It is argued in Johnson and 
Jacobsson (2003) that Swedish failure was because 
national policy only supported large MW sized turbines 
for which there was no demand, whilst the Dutch 
quickly became path dependent on their local market in 
which there was little demand and much amenity¬ 
planning opposition. Whereas, by contrast: 

‘.. .in the first half of the 1990s, the German industry 

was aided by industrial policies at the federal and 


Country 

Austria 

Belgium 

Bulgaria 

Czech Republic 

Denmark 

Finland 

France 

Germany 

Greece 

Hungary 

Ireland 

Italy 

The Netherlands 

Poland 

Portugal 

Spain 

Sweden 

United Kingdom 
Rest of EU 

TOTAL 


No. of direct jobs 

700 

2,000 

100 

100 

23,500 

800 

7,000 

38,000 

1,800 

100 

1.500 

2.500 

2,000 

800 

800 

20.500 
2,000 
4,000 

400 

108,600 


Fig. 7. Direct employment from wind energy companies in selected 
European countries. 


state levels that created a ‘quasi-protected’ market 
and a German market share of more than 50%.’ 
(Johnson & Jacobsson, 2003, p. 34) 

Elsewhere, as in Denmark, renewable energy at 
relatively small scale was a viable business option for 
new entrants or existing entrepreneurs in ‘related 
variety’ industries like agro-food and marine engineer¬ 
ing. A striking effect of this is seen in Fig. 8 which 
portrays the ‘revolution’ in the decentralisation of 
power generation in Denmark where regional and local 
providers have come to dominate the scene since the 
1980s. There was also ‘legitimacy’ or a responsive 
‘regime’ towards wind power, including early ‘feed-in’ 
tariffs, on behalf of German and Danish entrepreneurs, 
that was absent in Sweden and the Netherlands. 
Moreover the Dutch relied on financial incentives 
whilst the Germans used a combination of investment 
subsidies, legislation, legitimacy and industrial policy 
(e.g. regeneration of obsolete shipyards for wind turbine 
production in the Baltic ports; Fomahl, Hassink, 
Klaerding, and Mossig, 2010). 

8.7 With regional administrations established in 
Denmark since 2007 we turn, as an exemplar of new 
regional initiative, to north Jutland’s emergent ‘green 
regional innovation system’ which grew out of the early 
lead established by Danish wind turbine eco-innovators. 
North Jutland is nowadays specialised in building and 
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Fig. 8. Denmark’s shift from centralised to decentralised CHP. 


developing renewable energy through District Heating 
innovations and innovative technology mixes. Demand¬ 
ing customers for District Heating in Denmark are the 
municipalities (mainly responsible for the shift in 
Fig. 8), most of whom run local energy supply 
companies and some 60% of Denmark’s citizens rely 
upon it. We saw in 8.3 above how Danish municipalities 
seek a balanced supply and order designs capable of 
combining customised mixes of biomass, biogas, wind, 
solar and marine energy to ensure constant supply in 
different weather conditions. Hence, system variety and 
adaptiveness became ‘emergent’ in Danish renewable 
energy portfolios and the region whose path inter¬ 
dependence was able to press home its inherited 
collective advantage was north Jutland where most 
companies and clients are based (Cooke, 2010b). The 
‘shock’ leading to Denmark’s leadership in climate 
change strategy and technology occurred in the early 
1970s when anti-nuclear protest caused a major change 
of direction towards renewable energy. Thereafter, a 
cumulative process of innovation, first by preadaptation, 
began especially in north Jutland where the current 
global lead firm in the production of wind energy began 
using its milk-cooler technology to experiment with 
turbines. Other renewables industries evolved and their 
application to regional, national and now global demand 
for renewable local power stations was met. Interaction 
between local producers and national legislators has 
been intense and successful, as revealed by the 
Grundfos case described in Cooke (2010b), in achieving 
an eco-innovation supporting regime in Denmark and 
the EU. 


8.8. National developments 

Denmark has long sought to evolve policy in support 
of renewable energy production to rebalance its heavy 
reliance on coal and oil. The current government has set 
the target of Denmark becoming a 100% renewable 
energy society. This long-term goal will be achieved in 
phases through the collaboration of university, govern¬ 
ment and industry, particularly in the fields of wind 
energy and biomass. In many respects there is nowadays 
more symbiosis between top and bottom multi-levels of 
governance of energy policy compared to during some 
past episodes. The 2004 Danish Energy Supply Act 
outlined plans and subsidies for off-shore wind and 
biogas investment, alongside R&D. The main recipient 
of funds was Energinet.dk , a research centre, boosting 
their annual funding to $23 million for a four year 
period. In 2007, the Danish Government enacted the 
policy ‘AVisionary Danish Energy Policy 2025’ which 
proposed cost-effective measures to secure energy 
supply, reduce environmental impact and enhance 
competitiveness. To promote research into these 
measures, the government earmarked almost $180 
million (annually) for R&D into and demonstration of 
energy technology from 2010 onwards, effectively 
doubling the previous sum. In 2008, the government 
agreed to a Danish Energy Policy for 2008-2011, which 
increased biomass and land-based wind turbine sub¬ 
sidies, created a compensation scheme for landowners 
surrounding land-based wind turbine sites, provided 
$18 million over four years for solar cell and wave 
technology, and increased energy emission taxes 
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(C0 2 , NO*) as well as tax exemptions (for low carbon 
vehicles). 

8.9 This agreement was used as the basis for the 
Danish Law on Promotion of Renewable Energy 
(2008). These iterated with local initiatives (e.g. Sams0 
and Thisted; Cooke, 2010b) showing the feasibility of 
such measures more broadly. In 2008, the Ministry of 
Climate and Energy (MCE) announced funding 
increases for the annual public service obligation 
(PSO) scheme. The recipients were the Energy 
Technology Development & Demonstration Project 
(EDDP) which works on new energy technologies such 
as manufacturing second-generation liquid bioethanol; 
ForskEL , for environmentally friendly electricity 
production technologies; ElEorsk , for efficient use of 
electricity; and The Danish Council for Strategy 
Research (DSF), part of the Ministry of Science, for 
a grant pool in energy/environment research. For 2008, 
these programmes received $92 million and another $8 
million was provided to the High Technology Fund 
specifically for fuel cells in micro-decentralised heat 
and power plants. In 2007, $88 million had been 
allocated to the same projects. Due to the timelines for 
each policy, the policy that is currently being used is the 
‘Agreement on Green Growth’ (2009). This policy 
provides additional subsidies for renewable energy 
R&D particularly relating to the green agriculture and 
food industry strategy. The funding will be used to reach 
the target of 50% of livestock waste to be used for green 
energy (biogas) by 2020. The initiatives consist of: 

• $15 million (annually) from 2010 to 2012, to 
stimulate biogas plant production. 

• $2.5 million (annually) from 2010 to 2012 for organic 
biogas production. 

• $5.7 million (annually) from 2010 to 2012 for the 
cultivation of perennial crops for energy production. 

• $26 million (annually) R&D grant fund for renewable 
energy using agriculture. 

8.10 The Energy Policy (2008) also provided 
funding ($2 million per year from 2008 to 2009 & 
$1 million per year from 2012 to 2012) for a test scheme 
for EVs. Using this funding the government initiated a 
series of projects to test EVs and their related 
infrastructure. Modest initial funding (€1.35 million) 
from the Danish Energy Agency was provided for 17 
projects, expected to continue until 2012. Incorporating 
a mix of university, industry (e.g. Better Place) and 
government the aim of the projects is to utilise wind 
power produced in Denmark to provide energy for the 
EV infrastructure. Taking EV implementation in 


Denmark a step further, Better Place announced that 
its Nissan-Renault partnership would provide Better 
Place Denmark with EVs. The EVs would be sold 
through Nissan-Renault and benefit from Better Place 
subscriptions allowing users access to Better Place’s 
EV infrastructure (2009). In addition, DONG Energy 
and Better Place agreed a €103 million project 
partnership to develop further Danish consumer access 
to EVs at attractive prices and provide an EV 
infrastructure by 2009. 

9. China: rapid emergence of regional eco- 
innovation systems 

9.1 China has experienced rapid economic growth in 
the past thirty years, but the same fast economic growth 
means China is now facing major challenges regarding 
resource and environmental issues associated with 
rapid development. Learning from the experiment with 
‘industrial symbiosis’ (more commonly known nowa¬ 
days as ‘industrial ecology’) evolved in Denmark at the 
municipality of Kalundborg (Cooke, 2010a), China has 
been one of the more assiduous global practitioners 
of this approach. It is a system of productively 
recycling industrial waste according to a ‘closed loop’ 
input-output waste-to-new product methodology. It is 
often initiated in eco-industrial parks (EIP) although in 
Kalundborg the ‘closed loop’ of waste recycling is 
municipality wide. Interest in industrial ecology began in 
China in the 1980s and early experimentation began in 
that decade in Tianjin (see below, 10.9), China’s State 
Environmental Protection Administration (SEPA) pro¬ 
moted the EIP concept and initiated a pilot programme 
for eco-industrial parks in 1999. Guigang Eco-industrial 
Park was one of the earlier of these new demonstration 
sites in China. It is located in Guanxi Zhang Autonomous 
Region in coastal southern China adjacent to Vietnam. 
The park was initially managed by the Guitang Group , a 
state-owned enterprise with over 50 years of agro-food 
history. The economy of Guigang was traditionally 
dependent upon sugar refining and processing which 
declined rapidly during the 1990s. The EIP initiative was 
to transform the declining Guitang Group from a 
conventional sugar-producing industrial system to an 
eco-industrial system. The Guitang Group set up the eco- 
industrial complex based on sugar production at what 
became the largest sugar refinery in China. The complex 
includes sugarcane farms, sugar-making plant (it 
produces 120,000 tonnes of sugar annually), an alcohol 
plant (10,000 tonnes), a pulp and paper mill (85,000 
tonnes), a calcium carbonate plant (8000 tonnes), a 
cement plant (330,000 tonnes), and a fertilizer plant 
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(30,000 tonnes). The paper-mill uses sugar slag 
generated from sugar production whilst the cement mill 
uses another by-product, sugar sludge, as a raw material 
input for the production of cement (Fang, Cote, & Qin, 
2007). Guitang Group is responsible for managing the 
whole eco-industrial system at the EIP. The material and 
by-product exchange occur primarily within the same 
complex, significantly improving the efficiency of its 
many processing plants (Fang & Lifset, 2008). Recently, 
the group was privatised and has extended its exchange 
network to receive by-products from other sugar 
producers allowing increased production. This Guitang 
Group success inspired the city of Guigang to adopt a five 
year plan to become an Eco-industrial City. By 2007, 
there were 24 national EIPs established in China. Most of 
them are organised and managed by the administrative 
commissions of the development zones and the govern¬ 
ments at city and county level, whilst others are under 
management by private enterprise. Now, the concept of 
eco-industrial development has expanded from park, 
community-level, and city-level, to provincial level such 
as Liaoning Province, a demonstration province for the 
circular (‘closed loop’) economy (Fang et al., 2007). 

9.2. Provincial and city-region policies 

Clearly, with judicious planning, eco-industrial parks 
have been capable of sustaining niche clean technology 
internal markets that are expressed positively on 
company balance sheets. As noted, China’s State 
Environmental Protection Agency (SEPA) was one of 
the few worldwide seriously to promote the concept of 
the closed loop economy with a specific programme to 
assist model eco-industrial parks across the country, 
another of which, Tianjin, is located on China’s north¬ 
east coast 150 km from Beijing. It is China’s sixth largest 
city and one of four administered directly by central 
government. Following development of its EIP, Tianjin 
also became a forerunner and demonstrator in the 
development of the eco-city concept. The Tianjin 
Economic-Technological Development Area (TEDA) 
exemplifies an existing industrial region with developed 
industrial symbiosis linkages amongst key facilities. 
TEDA was formed in 1984, and provides a utility sharing 
infrastructure including electricity, gas, steam, water and 
wastewater treatment, for all regional facilities including 
reuses of rubber, ash, metals, and organic materials. 
Unlike some Chinese eco-cities, notably Dongtan, which 
has suffered from the expense of its design and 
difficulties over land assembly amongst municipal and 
private owners, Tianjin has a working eco-city neigh¬ 
bourhood built by the Sino-Singapore Tianjin Eco-city 


partnership, a strategic cooperation project between 
China and Singapore to improve the living environment 
and build an ‘eco-culture’, as stated in the official 
announcement. Located in Tianjin’s ‘Binhai New Area’ a 
Special Economic Zone, home to global businesses like 
Rockefeller , Tishman-Speyer , Motorola and EADS Air¬ 
bus , the eco-city has a planned population for 2020 of 
350,000. As an official eco-city and home to Tianjin 
Qingyan Electric Vehicle Co ., Tianjin hosted 2010’s New 
Energy Vehicle Technology & Investment Congress that 
assembled over 120 industry executives and experts from 
the new energy vehicle value chain to discuss best 
practice, global market trends and industry outlook. In 
line with its green credentials Tianjin is also home to 
Tianjin Lishen Battery , one of the world’s largest 
manufacturers of lithium-ion batteries. These are the 
energy source for Coda Automotive’s US-badged, 
Chinese-built Hafei Saibo electric saloon car, which in 
2010 began selling in California where its price of 
$45,000 can be offset by $ 10,000 from a federal tax credit 
and state incentives. 

9.3 Two other city-regions that display less central 
state governance structures than Tianjin but where city 
prefectural initiative has stimulated the rapid evolution 
of Chinese Eco-industrial Clusters are Yangzhou on 
China’s east coast and Shenzen, near Hong Kong in the 
south. Yangzhou is home to China’s official, Ministry of 
Science & Technology affirmed (2007) leading semi¬ 
conductor lighting cluster, otherwise light emitting 
diode (LED) lighting. In 2009 it was designated the 
national LED pilot city by the same ministry. The 
industry began in 2003 with the founding of Darewin 
Opto , which was joined by six other companies, one 
manufacturing semiconductors, two specialising in 
assembly and four producing lighting applications. 
On this basis, the city prefecture of Yangzhou 
determined to be the key local driver of the industry, 
committing $5 million for research, applications and 
testing in three new industries; new light sources, new 
energy and new materials. By 2009 a full supply-chain 
involving base material-epitaxial-wafer-chip-assembly- 
application interconnections had evolved, reaching $1 
billion output value. In 2009 the city announced an 
enhanced LED technology fund of $3 million to buy 
foreign Metal-Organic Chemical Vapour Deposition 
(MOCVD) equipment for advanced LED epitaxial 
wafer production. This unprecedented city-level invest¬ 
ment attracted leading firms Canyuan and Rainbow 
from elsewhere in China to augment the cluster to over 
30 firms with a $2 billion output value. Table 1 gives a 
detailed breakdown of the Yangzhou LED cluster as of 
2010. This successful city-regional strategy has been to 
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Table 1 


Leading enterprises in the Yangzhou LED lighting value chain. 


Enterprise category 

Percentage 

Employment 

Number of enterprises 

Upstream (substrate, epitaxial wafer) 

20% 

80-100 

6 

Midstream (chip) 

20% 

80-100 

5 

Downstream ‘packaging’ (assembly) 

20% 

260-300 

7 

Downstream (lighting application) 


300 

15+ 


gain advantage in the wafer fabrication phase of the 
value chain to control the LED and a burgeoning 
photovoltaics value chain in proximity. The solar energy 
competence has developed as an ‘adjacent possible’ 
from the epitaxial wafer base since silicon is the key 
material in both technologies. To that end the prefecture 
has also funded a 2 km 2 Silicon Industrial Park in the 
Yangzhou Development Zone, a Semiconductor Light¬ 
ing R&D Centre as part of the branding strategy of 
‘Yangzhou LED City 9 . 

9.4 Shenzen’s eco-city is Pingdi, located to the east 
of the main city and one of the three large cities of the 
Pearl River Delta alongside Guangdong and Hong 
Kong. It is in 2011 planned and approved ready for 
development to begin. In the city-region a key industry 
set is ICT, electronic equipment and automotives. A key 
firm is BYD China’s (and the world’s) largest producer 
of lithium ion batteries. Founded in 1999 the company 
has developed its own iron-phosphate-based lithium-ion 
(LFP) battery following over 10 years R&D. The core 
battery technology can be applied in all the main types 
of electric vehicles and has a lifetime of over 10 years 
with a charge time to 50% of its capability in 10 min. 
The company started by supplying batteries to mobile 
telephony companies such as Nokia and Motorola. In 
2003 BYD made the acquisition of Qinchuan Motors of 
Xian which gave it the opportunity for the company 
move from part and battery supplier to car marker 
(Fig. 9). In 2008, BYD purchased SinoMOS Semicon¬ 
ductor of Ningbo to facilitate its upstream value chain 
and accelerate its development of electric vehicles. It 


attracted $230 million from global billionaire investor 
Warren Buffett through his MidAmerican Energy 
Holding Co. for a 10% investment stake. This 
investment strategically helped BYD extend its markets 
for electric vehicles from China to global. In its 
corporate strategy, BYD plans to sell some 9 million 
electric vehicles by 2025 to surpass the leading global 
automakers in electric vehicle (EV) technology. Pingdi is 
located in proximity to the BYD value chain and is part of 
the wider, related variety electrical and electronics 
industry platform. The design of two large, open 
campuses and high valuation of local ecological areas, 
with fully protected rare flora and fauna, make Pingdi 
highly attractive for eco-innovation. One open campus, 
close to the existing Gaoquiao Industrial Park is 
dedicated to eco-innovation. Key innovative platforms 
at Gaoquiao include digital applications to energy (smart 
grids), transport (information systems), water, waste, 
green buildings and eco-cities. Shenzen region, with BYD 
batteries and electric vehicles, also has the Chinese State 
Grid’s EPRI and other R&D institutes specialising in 
vehicle charging (V2G) requirements and standards 
alongside development of EV charging stations. 

9.5 Related to the evolution of the eco-city concept is 
the construction industry, which is China’s fourth 
largest industry, contributing some 9% of GDP. The 
Chinese government has set the detailed goal to reduce 
energy consumption. In the 11th five-year plan (2005- 
2010) the target was also set to reduce building energy 
consumption by 50%; to improve energy efficiency of 
government institutions by saving 10% energy per unit 


Fueling Growth $3.5 

A long-time battery maker, BYD Co. 

has been ramping up its car business. 3 0 

. 2.5 



Note: Converted from Chinese yuan at the current rate Source: BYD Co. 


Fig. 9. Business transition of BYD Co. 1999-2007. 
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construction area and per capita; and to reduce electricity 
consumption of appliances by 29 billion kWh (Oster- 
kom, 2008). The Ministry of Housing and Urban-Rural 
Development, the Ministry of Finance, and the National 
Development and Reform Commission have passed 
numerous laws and regulations on building standards in 
recent years (Table 2). To promote energy efficiency six 
key areas are focused upon. State and local government 
supply financial support for a range of demonstration 
projects in some major cities (The Climate Group, 2009). 
EMC, shown as a financial mechanism in Table 2 is an 
active private company in China which has been involved 
in developing energy-efficient green buildings. 


9.6 With the rapid rise of a Chinese middle class, 
energy consumption by residential building is expected 
to grow by 5% annually, more than doubling by 2020 
(McKinsey & Company, 2007). There are several 
barriers to improve energy efficiency in buildings in 
China, including lack of rigorous enforcement of 
building energy codes; lack of incentives to save 
energy due to a fixed rate price of heating energy and 
out-dated heating system design with coal-fired, heat- 
only boilers (WBCSD, 2009). As shown in Fig. 10, 
building insulation comparisons indicate that there is a 
significant gap in insulation efficiency between Chinese 
and comparator countries and cities. At least one third 


Table 2 

Government policies on green building and energy efficiency in China. 


Legal environment 

Plan: 

China medium and long term energy 
conservation plan 


Laws: 

Renewable energy law 

Energy conservation law 


Regulations: 

Energy conservation regulation for 
civil buildings 

Energy conservation for state-funded 
institutions 


Support measures: 

Special funds 

Standards 

Labelling 

Assessment 

Quality control 

Six key areas 

50% energy conservation design standard for new buildings 

Heating system metering and retrofitting in North China; 

Energy conservation in government and public buildings 

Solar and geothermal renewable 

New building materials 

Building energy auditing and assessment 


Demonstration projects 

Energy conservation and retrofit demonstrations for 
government and public building in 24 provinces and 
municipalities 

Heating system metering and retrofit demonstration for 
existing building in 15 provinces and municipalities 
in North China 

212 demonstrations and promotion projects for renewable 
energy applications in building in 25 million m 2 

100 demonstration projects for green building and 

100 demonstration project for low-energy-consuming buildings 
Energy efficiency auditing and labelling for civil buildings 
in 18 provinces and municipalities 

Solar roof plan 


Financial mechanism 

Government support special funds: 

Renewable application in buildings 
Energy conservation for government 
and public buildings 

Heating system metering and retrofit 
for existing buildings in North China; 
Renewable energy-saving building 
materials 


Private sector: 

Such as EMC 
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CHINA HAS POTENTIAL TO IMPROVE HEATING EFFICIENCY THROUGH 
HIGHER-EFFICIENCY BUILDING SHELLS 

Building-standards comparison — limitation of heat leakage in wall/window/roof 
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Fig. 10. Building standards comparison amongst several countries and cities. 


of buildings in China need an energy performance 
upgrade. 

Such energy retrofits in existing buildings could 
exceed US$ 380 billion at average cost of 200 Yuan 
(US$29) per m 2 (The Climate Group, 2009). Con- 
structing new buildings at world-class insulation 
standards and installing energy-efficient heating and 
cooling packages would help capture 8 QBTU of 
savings, contributing 6% of the global energy produc¬ 
tivity opportunity (McKinsey & Company, 2007). Total 
floor space in China is currently 40 billion m 2 and is 
expected to reach 70 billion m 2 by 2020. According to 
the estimation by The Climate Group (2009), the market 
for new green buildings would be worth between US$ 
220-400 billion, depending on the application scale of 
green buildings amongst new buildings. The Chinese 
government also has been encouraging upgrading of 
heating systems in China, particularly in the colder 
north, which would cost about US$ 30-44 billion (The 
Climate Group, 2009). In total, market volume for green 
buildings including both new buildings and retrofits 
could reach trillions of US dollars (Fig. 11). 

9.7 In parallel with the promotion of green construc¬ 
tion in China, renewable energy in the form of wind 
power has been growing faster than the government had 
planned in recent years, having more than doubled each 
year since 2005. In late 2005, the Chinese government 
increased the official wind energy target for the year 2020 
from 20 GW to 30 GW (Lema et al., 2007). The industry 
reached the original goal of 5 GW for 2010, three years 


ahead of schedule. Policymakers doubled their wind 
power prediction for 2010. The government announced 
an initiative to build a 1000-MW wind farm in Hebei, 
near Beijing, for completion in 2020. Goldwind has 
emerged as the leading Chinese wind turbine manufac¬ 
turer and has begun to export Chinese turbines and 
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Fig. 11. Potential market volume of green buildings in China by 2020. 
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components globally. It currently holds about 3 percent of 
market share in global wind turbine sales and captured 
some 30 percent of sales within China in 2006. By 2007, 
over 40 Chinese firms were manufacturing wind turbines 
commercially; many of them were engaged in prototype 
development and testing (REN21, 2008). In some cases 
these were engineering firms diversifying into this rapid 
growth market, for example China South Railway 
Locomotive workshops at Zhuzhou Industrial Park, near 
Changsha in central China. It was predicted that China 
would become the world wind power leader by 2010 
(Watts, 2008). China imitates rather than innovates and 
this is revealed in its adoption then imitation of Western 
eco-innovations from wind turbines that are quite 
outdated in design to LED lighting which is to a large 
extent similarly so. Where it has been innovative is in the 
application of centralised power to produce regionalised 
and metropolitan policy and system competition. 
However, without the granting of land to these sub¬ 
national administrations, much of the innovative-sound¬ 
ing sustainable cities or ‘eco-cities’ ambitions of local 
mayors would be stillborn. Though a rapidly changing 
hybrid system, the centre is important in stimulating 
territorial change in relation to eco-innovation (bor¬ 
rowed) as in other many other burgeoning Chinese 
industries. 

9.8. National developments 

China is both one of the world’s largest consumers of 
non-renewable energy as well as one of its largest 
producers of non-renewable energy. To put this into 
perspective, the Chinese government invested $34 
billion in clean energy in 2009. The strength of this 
industry has been augmented by the framework of 
strategies and incentives provided by the central 
government. With the dissolution of the Energy & 
Industry Department in 1993, renewable energy policy 
has been managed through several organisations such as 
the Ministry of Commerce and the National Develop¬ 
ment and Reform Commission. In 2001, the State 
Economic & Trade Commission had proposed its Tenth 
Five-Year Plan for Sustainable Development which 
included a section on New and Renewable Energy 
Commercialisation Development. The goal of this plan 
was to curtail carbon emissions through developing 
renewable energy alternatives such as hydropower, 
biomass, solar power, wind power and geothermal 
energy. During this five year plan, the NDRC’s Centre 
for Renewable Energy Development drafted the 
Renewable Energy Law (2005) which stated the 
reduction targets as well as the incentives to meet 


those targets. This law authorised feed-in tariffs for 
wind power, biomass. The Eleventh Five-Year Plan, 
from 2006 to 2010, also stressed greater emphasis on 
green energy through increasing energy efficiency by 
20% by the end of the plan, namely through developing 
efficient fans, pumps, boilers and lower energy intensity 
steel and cement. The NDRC established the National 
Energy Administration (2008), officially judged ineffi¬ 
cient, which paved the way for the State Council to 
establish the National Energy Commission (2010). The 
commission is responsible for drafting the national 
energy development plan, reviewing energy security 
and major energy issues and coordinating domestic 
energy development and international cooperation. 

9.9 Detailed incentive policies and programmes 
included Promoting the Wind Electricity Industry 
(2006), offering preferential policies for wind power 
development and the Golden Sun Programme (2009) 
which provided subsidies, technology support and 
market incentives to facilitate the development of a 
solar power industry. The Golden Sun Programme 
(GSP) focused on solar PV installation through 2011 on 
a project-by-project basis. Off-grid installations 
received 70% capital subsidies whilst grid-connected 
installation (300 kW capacity plus) received 50% 
subsidies. A separate part of the programme, funded 
by the Ministry of Finance & Construction, provides 
additional subsidies for building-integrated PV. Similar 
incentives are available for wind power. Along with the 
wind power feed-in tariff, the GSP had its subsidies 
reduced by the 2010 amendment of the Renewable 
Energy Law. This also placed more responsibility and 
planning interaction amongst regional and local entities 
to ensure grid connexion, augmenting the Ministry of 
Finance’s renewable energy fund and guaranteed 
purchases of renewable energy power generated by 
electric utilities. It is expected that the Twelfth Five-Year 
Plan, 2011-2015, will establish an environment tax. 

9.10 Beyond the NDRC, other government organisa¬ 
tions provide subsidies and conduct research on 
renewable energy. The Ministry of Science & Technol¬ 
ogy (MOST) has also provided subsidies for renewable 
energy research ($3.4 million), as well as funding two 
High-Tech R&D programmes ($25 million): the 863 
programme (commercialisation of new technologies) 
and the 963 programme (research in basic science). In 
addition, the Department of Resource Conservation and 
Utilisation provides low-interest loans for supporting 
industrial development of renewable energy. Moreover, 
the Department of Agriculture, amongst other govern¬ 
ment institutions, has run renewable-energy based 
‘living lab’ projects throughout the country since the 
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mid-90s. These range from the ‘Rural Marsh Gas 
Projects’ to ‘Use of Crop Stalk as Energy Source’ 
projects. Finally, the Ministry of Finance released an 
EV subsidy policy in mid-2010. Unlike EV subsidies in 
other parts of the world that provide cash-back 
incentives to customers, the Chinese subsidy will be 
made directly to vehicle battery vendors in an effort to 
reduce claims of class discrimination. The subsidy will 
run from 2010 to 2012 in 5 pilot cities: Shenzhen, 
Shanghai, Changchun, Hefei, and Hangzhou. In late 2010 
it was announced that China was planning on launching a 
new EV strategy entitled ‘One Thousand Electric Cars’. 
This initiative intends to put 1000 EVs in 10 Chinese 
cities per year. The government believes this initiative 
would make 1 % of all vehicles in China electric by 2012. 
From the point of view of the automotive industry, such 
subsidies are catalysts for change and innovation; 
however, infrastructure to support the EVs is not 
mentioned in policy and it is equally important for the 
sustainability of the product. This is where again, the firm 
Better Place which, it will be recalled, provides 
infrastructure for EV as well as EV-based consumer- 
solutions, comes in. Noticing the rising demand in China, 
Better Place and Chery Automobile Co ., China’s largest 
independent auto producer, are collaborating to provide 
both good quality EV cars on the market alongside the 
infrastructure (charging stations/battery switch points) to 
support them. 

10. Exemplars of co-ordinated market eco- 
innovation policy systems 

10.1 Sweden has become a world leader in the 
development and processing of renewable fuels, 
primarily low blended ethanol in petrol with a 
leading edge tax subsidy and globally leading 
research programmes. Due to policy evolution over 
a number of years, Sweden is one of the largest 
markets for ethanol fuels used in vehicles. Only 
Brazil is more advanced in terms of development, and 
Brazil and the USA in terms of volume. All ethanol 
used for fuel is processed from wood or other 
renewable sources, a defining feature of biofuel. Thus 
Sweden has had buses running on pure ethanol for 
more than 20 years, and approximately 34,000 cars 
run on low ethanol blends (e85). Low ethanol blends 
reached 6.2% of the petrol used by vehicles in 2006. 
Elsewhere in Europe there are some test cars but few 
buses running on pure ethanol. 

10.2 A new cluster initiative, comparable in concept 
to Kalundborg’s industrial symbiosis model, is the 
Processum Biorefinery Initiative at Ornskoldsvik at the 


Processum Technology Park. This is officially called a 
‘cluster’ but the range of related industrial activities 
present makes it more of an inter-industry ‘platform’. 
The member companies operate in manufacturing, 
consultancy and R&D in the pulp, paper, chemical and 
energy industries. At the heart of the initiative is a large 
pulp and paper plant whose lignocellulosic waste is 
utilised as feedstock for the production of biochemicals, 
a biorefinery producing bioethanol and a biomass- 
burner combined heat and power plant. As in the case of 
the Norwegian initiatives this is led by a large-firm 
consortium, but it differs in that it is conceived as a 
cluster project (Processum Technology, 2007). The 
cluster concept in a heavy industry context such as 
forest products is somewhat innovative. It brings 
together processing industry companies, the munici¬ 
pality and universities such as Umea with expertise in 
tree biotechnology and Lulea with expertise in large 
scale processing plant control technology (Fig. 12). 

11. Sweden: an advanced forest products cluster 

11.1 Thus the northern Swedish town of Ornskoldsvik 
became a cluster of ethanol processing, research and 
development. Sekab , Etanolteknik (Etek ) and the 
BioAlcohol Fuel Foundation (BAEE ) are all based there. 
Other user firms in the cluster include Akzo Nobel (water- 
based paints), Domsjo Eabriker (pulp & paper), Ovik 
Energi (energy) and Kvaerner Power (energy from pulp 
& paper). In May 2004, a pilot plant for industrial-scale 
ethanol production was inaugurated in Ornskoldsvik. An 
ethanol cluster arose in Ornskoldsvik due to a pre¬ 
existing sulphite pulp mill processing sulphite for sugar 
as a by-product from which ethanol is produced. Etek , for 
example, is locally involved in a research project on New 
Improvement of Lignocellulosic Ethanol {NILE) funded 
by the EU and budgeted at €12.8 million. Lund 
University of Technology was one of the initiators of 
this project encompassing 21 universities, institutes and 
companies, coordinated by Institut Franqais du Petrol. 
The Etek role in the project is primarily to conduct 
verification of laboratory process development tests on a 
large scale. Etek' s pilot plant produces 13,000 m 3 of 
cellulose-based ethanol. Sekab and Agroetanol are 
leading producers in Sweden with customers being 
global oil companies. Despite these exports, ethanol fuel 
is also imported from Brazil and the USA. Thus Sweden 
is also a substantial market for ethanol fuel. In 2006, 377 
petrol stations supplied e85 and the number is increasing 
by some 200 per year on existing trends. Although the 
ethanol fuel market is strong in Sweden, biodiesel is less 
evolved, accounting for only 1 % of total Swedish diesel 
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Fig. 12. The Processum Technology Park Cluster, Ornskoldsvik, Sweden. 


consumption. Sweden’s few biodiesel pumps are con¬ 
centrated in the three biggest cities and very few vehicles 
are driven by this product alone. 

11.2 In 2005 some 9000 m 3 of low blended biodiesel 
and 1600 m 3 of pure biodiesel were sold in Sweden. It 
approximated to two thousand ordinary cars according 
to Miljofordon in Gothenburg, an organisation working 
towards a more environmentally friendly vehicle stock 
in the city. Similar organisations exist in Stockholm and 
Malmo financed by each municipality respectively. 
Hence, it is anticipated that the supply of biodiesel will 
increase in Sweden, since two new processing plants 
were opened by 2007. Tax incentives mean expectations 
for further companies to utilise biodiesel in future are 
positive. In 2004, the Swedish government allocated 
€133 million in their tax strategy for alternative fuels. 
In 2006, the Swedish government announced tax reliefs 
for 20 Swedish companies retailing fuels with ethanol 
or biodiesel. These companies gain relief from C0 2 and 
energy taxes when producing or importing biofuels. The 
Swedish government further announced that biofuels 
would continue to receive supportive biofuel tax relief 
until 2013. 

11.3 By 2011 the centrepiece of this complex was 
the once obsolescent Modo sulphite mill which now 
earns SEK 3 million per day producing specialist 
cellulose raw cotton substitute. The present global 
Teak Cotton’ situation means this material used to sell 


$800-$ 1000 per tonne but now fetches $1000-$5000 
per tonne with 85% exported to China. More value- 
added could be extracted if the basic pulp mill was 
transformed into a cotton mill but major investment in 
new spinning and weaving technology is necessary 
before allowing any automated weaving products to be 
produced competitively in Sweden. Yet as cotton is 
pure cellulose, which also grows in trees, in principle it 
would not be impossible to at least consider on-site yarn 
spinning even if weaving is better conducted elsewhere 
in Sweden (Smart Textiles in Vastra Gotaland, see 
below) or abroad. A pilot plant for assessing yarn¬ 
spinning capabilities is under consideration in this 
connexion. On April 19, 2011 the biorefinery was 
acquired by Indian spinning company Aditya Birla at a 
cost of $415 million. Other outputs from the old 
sulphite mill include the former Domsjd pulp and paper 
mill. After 4 years on the closure list, it was acquired by 
a private consortium in 2000. They set a new course and 
turned the ailing pulp mill into a highly profitable 
biorefinery. Europe’s first pulpmill-biorefinery is 
achieving a 40% return on investment, at a time when 
pulp and paper mills in general are struggling to break 
even. After the crisis of 2008, when the global pulp and 
paper industry plunged into a loss of $8 billion, the Top 
10 in both Europe and Canada remain in the red, 
although there are signs of recovery in the USA. The 
biorefinery is the Domsjd Fabriker mill which is 
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currently preparing to extend its biorefining capacity 
with the installation of the Chemrec gasifier, expected 
to start up in 2013. It will convert the spent brown liquor 
of the sulphite process into 40 million gallons a year of 
automotive fuel, namely BioDME and BioMethanol. 
Processum also makes construction materials like 
ligno-sulfonate, which is dried and used in concrete, 
making it stronger and with less water content, 
cellulose derivatives as thickeners for construction 
plaster, whilst green liquor sludge is tested for dirt-road 
binding where it acts as an innovative dust inhibitor 
material. Close links exist with Vastra Gotaland’s 
Smart Textiles cluster and Goteborg BIO not only for 
fashion textile materials for H&M but medical fabrics 
for firms like Molnycke Medical Fabrics AB a world¬ 
leading producer of single-use surgical and wound 
products where weaving of tissue and surgical cloth has 
been implemented at Gothenburg. A project on blood 
vessel replacement textiles is under way with Smart 
Textiles at Boras, near Gothenburg. Moreover, with 
GoteborgBIO, verification of bio ‘scaffolds’ bionics 
products is the subject of project discussions. Else¬ 
where SEKAB plans a new torrefaction unit to extract 
three green ethanol products from black liquor to be 
used in varieties of gasification. Overall, Processum 
funds 50-60 projects, most of which are taken on to 
innovation assessment stage. These inter-cluster eco- 
innovation interactions are extremely important sup¬ 
port for the general thesis being advanced, which is that 
eco-innovation may be as much or more a product of 
local or regional initiative as national. Indeed, as we 
have seen some national initiatives in Sweden have 
been counter-productive. Accordingly, even in a co¬ 
ordinated market setting it is evident that regional 
experimentation is indispensible. Further evidence of 
this is demonstrated in the climate change policy 
dimension discussed next. 

11.4. Vastra Gotaland’s regional climate change 
strategies 

The Norrland region is sparse and eco-innovation 
policies are primarily local in nature. However, as 
noted, Processum has close eco-innovation supply links 
to the Vastra Gotaland region which produced the 
world’s first regional green strategy in the early 2000s. 
The characteristic sustainability approach taken in 
Vastra Gotaland region with its main city of Gothenburg 
is to be innovative but nested in the MLP initiatives of 
the EU (e.g. Europe 2020 , ‘Innovation Union’, and the 
‘Grand Challenges’, such as climate change), Swedish 
National Strategies and in relation to municipal and 


local policies. Accordingly, in 2010 the strategic 
decision was taken to concentrate initially on meeting 
the Grand Challenges of Climate Change and Health¬ 
care, the first not least because the region had been one 
of the first in the world to publish in 2003 a Climate 
Change response strategy report ‘ Gothenburg 2005 ’ 
involving policies for ‘Smart Energy.’ This has more 
recently evolved into the strategic Climate Change target 
of Region Vastra Gotaland being totally Fossil Fuel Free 
by 2030. This swift and innovative approach became 
known as the ‘Gothenburg Model’ of the Fisbon Strategy. 
However, having got the regional position on that Grand 
Challenge worked out well in advance gave scope for the 
new environmental strategy to be down-to-earth and 
practical. This means focusing on ‘iconic projects’ that 
are committed to innovation, learning and collaborative 
platform management processes in what are considered 
‘project laboratories’. Thus the particularisation of the 
Climate Change Grand Challenge involves translating it 
into a ‘Sustainable Cities’ initiative triggered by an actual 
infrastructure commitment to a new tunnel. This brings 
together numerous regional clusters involved in renew¬ 
able automotive fuels, forest plastics and petroleum and 
health (Fig. 13). 

11.5 At a more detailed level this assembles pilot 
projects mixing expertise in cluster firm logistics, public 
transport, visioning (computer graphics and imaging) 
and green accounting. It links to a Triple Helix 
relationship with Chalmers University and firms like 
Asta AB. A comparable ‘Iconic Project’ approach is 
being taken in healthcare. In Vastra Gotaland, Grand 
Challenges like ‘Sustainable Cities’ are presumed to be 
both good for regional sustainability and to constitute 
important future markets. As noted, hierarchy of 
strategic levels from Europe 2020, Innovation Union, 
Smart Specialisation, Swedish National Strategy and 
regional cluster-platforms informs strategic thinking. 
However smart specialisation is found unsatisfactory 
for its over-centralised control emphasis which is seen 
as likely to hamper competition. Using regional clusters 
as policy tools for eco-innovation in the manner that 
Goteborg BIO interacts with Smart Textiles over 
biotextiles or with the Processum biorefinery over 
cotton substitute inputs is emphasised as part of the 
region’s post-cluster approach to innovation manage¬ 
ment. The collaboration around ‘Sustainable Green 
Transport’ is used to bring together expertise from the 
auto cluster, renewable fuels, and ‘green shipping’ in a 
similar manner. Hence Vastra Gotaland takes a ‘systems 
engineering’ approach to policy formulation and 
implementation because of its relatively stable evolu¬ 
tion based on a wide variety of clusters ready for 
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Fig. 13. Vastra Gotaland’s ‘iconic projects’ approach. 


integration as platforms. These are rapidly re-focused 
on specific Grand Challenge projects and early adoption 
of Grand Challenge thinking. This has taken the form of 
‘Green Regional Strategies’ since the first in 2005 (RG 
Green Strategy), followed by ‘Smart Energy’ (2008) 
whose vision was to heavily reduce the region’s 
dependence on fossil fuels and to secure a sustainable 
energy supply by 2030. This is now embodied in the 
policy ‘Fossil Fuel Free Region by 2030’. Contributing 
to that aim is Gothenburg’s integrated waste system that 
has collected, sorted and burnt 345,000 tonnes of 
rubbish annually. Compared to an oil-based energy 
strategy waste-to-energy production saved the city an 
estimated 205,060 tonnes of C0 2 even in 2006. Hence, 
this Swedish region, which like Skane, has special 
status in the Swedish regional set-up, also plays a lead 
role in supporting eco-innovation whilst fitting in with 
the broader framework of EU and national eco- 
innovation policy, sometimes also influencing it. 

11.6. National developments 

Sweden has ambitious plans to be the world’s first 
oil-free economy by 2020. The renewable energy 
industry is diverse in the country focusing on biomass, 
biofuel, and hydropower to supply the majority of 
renewable energy used at this time. The Swedish 
government supports renewable energy through the 
Ministry of the Environment (MOE) and the Ministry of 
Enterprise, Energy & Communication (MEEC). The 
former provided the Swedish Climate Strategy in 2001 
with the aim of identifying and tackling climate change 
issues in Sweden through research and investment in 
renewable energy, amongst other measures. Through 
this strategy, more funding was set aside to develop 
wind power, tax offsets of environmentally adapted cars 
was proposed, and more funding was set aside for 


specific R&D into climate-related measures. In addi¬ 
tion, the MOE established the green certificates for 
renewable energy in 2006-2030 (introduced in 2003 as 
Tradeable Green Certificates). These certificates pro¬ 
mote the development of electricity through renewable 
sources with targets to ensure compliance. It will be 
recalled that setting prices too high in this field 
undermined early national policy (5.4 above; Johnson & 
Jacobsson, 2003). 

11.7 In 2009, the MOE, along with the MEEC, 
announced the Integrated Climate and Energy Policy 
with the aim of 40% greenhouse gas emission reduction, 
50% renewable energy, 20% more efficient energy use 
and 10% renewable energy in the transport sector, all by 
2020. To meet these targets, three action plans were 
created focusing on a fossil fuel-free transport sector, 
increased energy efficiency and promotion of renewable 
energy. The overarching incentives produced through 
these plans are tax-based. For example, new, green cars 
will be exempt from tax for five years, vehicle tax will 
be related to how much carbon the vehicle emits, energy 
tax on diesel will be higher, and the general carbon tax 
will increase. In addition, a ‘stimulus package’ is being 
developed to promote the development of vehicle 
biogas. Finally, realising the global scope of climate 
change, the Policy for Environment and Climate 
Change Issues in Swedish Development Cooperation, 
2010-2014, sets out Sweden’s commitment to support 
their bilateral and multilateral partners worldwide on 
climate change issues including issues such as water 
security and sustainable energy sources. The Swedish 
International Climate Investment Programme invests in 
Clean Development Mechanism projects as well as 
Joint Initiative projects overseas on behalf of the 
Swedish Government. 

11.8 Beyond this policy, the government has 
provided subsidies in the form of R&D grants and 
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investment subsidies. Forordning, in 2003, provided 
R&D grants of €200,000 for on- and off-shore wind 
energy research. In terms of investment subsidies, from 

2005 to 2007, solar PV installation was supported for 
public buildings by 70% government funding and from 

2006 to 2010, solar thermal and geothermal energy was 
supported for both private and public buildings by 
government funding. Other investment subsidies include 
one for all renewable energy source technology, which 
the government offers support for by paying 30% of the 
cost of installing those technologies since 2005 and, 
lastly, $22 million for filling stations distributing biogas 
and other renewable fuels from 2006 to 2007. Whilst the 
Swedish government does not have a strategy to 
specifically relating to EV’s, many of the aforementioned 
tax incentives do promote EV use. Despite this, the 
Swedish Government has conducted research on EV use 
since 1998 with the Swedish Electric and Hybrid Vehicle 
Programme. This research was project-based and 
conducted by experts throughout the country on several 
EV and EV-related issues including risk assessment, 
evaluation of use, presentation to public, performance vs. 
internal-combustion vehicle and city planning. It could 
be argued that the findings from this programme are the 
basis for the successful EV planning in cities like 
Stockholm. However many clean technology and 
renewable energy initiatives have also originated at city, 
and increasingly regional levels (Eriksson, 2010). 

12. South Korea’s ‘low carbon, green growth’ 
strategy: Daegu and other city-regional 
initiatives 

12.1 The first South-Korean large-scale photovoltaic 
energy plant had a capacity of 200 kW. It started 
generating electricity in September 2004. In the 
following three years the market did not significantly 
increase due to uncertainty and lack of publicity. By mid 
2006 the government allowed large electricity produ¬ 
cers to step into photovoltaic energy industry. After that, 
the industry started to gain traction. One year later it was 
fully in the spotlight because of the upturn in the crude 
oil price. 

The installed capacity of photovoltaics (PV) in Korea 
was 357 MW by the end of 2008: 297 MW for industry 
use and 60 MW for household use. It accounts for only 
1 % of the renewable energy supply, which accounts to a 
mere 0.026% of total energy supply in Korea. The 
country takes up 2.6% of the total photovoltaic installed 
capacity in the world. The technology level in Korea 
lags a little behind global leaders such as the United 
States, Japan and the EU. Crystalline silicon, the current 


main product, stands at about 89% of the technology 
and thin film, which probably will be the future main 
product, stands at about 66%. 

12.2 The first thing to note about South Korean eco- 
innovation strategy either nationally or regionally is 
how recent it is. There seems to have been a 
perturbation if not a shock to the political system 
which brought forth a typically top-down change when 
the President Lee Myung-bak in late 2010 announced a 
$900 million ‘Low Carbon, Green Growth’ plan for the 
development of renewable energies South-Korean 
large-scale photovoltaic energy plant had up to then a 
capacity of 200 kW. It started generating electricity in 
September 2004. In the following three years the market 
did not significantly increase due to uncertainty and lack 
of publicity. By mid 2006 the government allowed large 
electricity producers to step into photovoltaic energy 
industry. After that, the industry started to gain traction. 
One year later it was fully in the spotlight because of the 
upturn in the crude oil price. The installed capacity of 
photovoltaics (PV) in Korea was 357 MW by the end of 
2008: 297 MW for industry use and 60 MW for 
household use. It accounts for only 1% of the renewable 
energy supply, which accounts to a mere 0.026% of total 
energy supply in Korea. The country takes up 2.6% of 
the total photovoltaic installed capacity in the world. 
The technology level in Korea lags a little behind global 
leaders such as the United States, Japan and the EU. 
Crystalline silicon, the current main product, stands at 
about 89% of the technology and thin film, which 
probably will be the future main product, stands at about 
66 %. 

12.3 The most critical driving factor for the market 
development of photovoltaic energy was the feed-in¬ 
tariff. FIT is an incentive structure to encourage the 
adoption of renewable energy in which the Korean 
government buys the entire quantity of electricity 
generated by renewable energy. The original govern¬ 
ment plan was to apply FIT until 100 MW of PV. 
However, this total amount was reached too early so, in 
April 2008 the government decided to increase the limit 
to 500 MW and lower the price paid for the generated 
electricity by 10-30%. Companies can choose between 
two pricing systems. If the company chooses a fifteen 
years scheme, the price ranges between 472.7 and 
646.96 KRW (€0.32-0.44) per kWh. The actual price 
depends on the capacity of the PV plant. If the company 
chooses the twenty years scheme, the price ranges 
between 428.83 and 589.64 KRW (€0.29-0.4) per 
kWh. The normal price without FIT is the System 
Marginal Price (SMP) which is decided by Korea Power 
Exchange (KPX). The average SMP is about 100 KRW, 
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which lies at about one fifth of the FIT price. This big 
price difference urged many companies to instal solar 
panels quickly. A new plan, the Renewable Portfolio 
Standard (RPS) will be introduced in 2012. RPS is a 
policy that requires electricity producers to obtain a 
certain percentage of their power from renewable 
energy resources. RPS was included in the ‘Renewable 
Energy Development, Utilisation and Penetration 
Promotion Act’ which was concluded in March 2010. 
Electricity producers in Korea, who have an installed 
capacity of more than 500 MW, will have to produce 2% 
of their electricity via renewable energy in 2012. This 
percentage will gradually increase to 10% by 2022. It 
will be applicable to fourteen companies. A quota for 
photovoltaic energy is allocated to six of these fourteen 
companies to prevent avoidance of photovoltaic energy 
by the companies due to high initial costs. 

12.4 Not only the local market is increasing, export 
of Korean solar cells is also increasing remarkably. 
Milinet Solar has exported €1.16 million of solar cells 
to Italy and will export €120 million worth to Hong 
Kong by 2013. Hyundai Heavy Industries and LG 
Electronics were designated as priority negotiating 
partners by Matinee Energy in the United States for 
construction of a photovoltaic plant valued at $1 billion. 
KD Solar has been successful in exporting to various 
countries since 2008. It exported for €3.3 million of 
solar modules to Japan and received an order from the 
Australian government for the ‘National Solar Schools 
Programme’. Furthermore LS Industrial Systems signed 
a contract to supply €42 million of photovoltaic 
systems to SANIX in Japan. 

12.5. Regional solar belts 

South Jeonla Province is a prominent location for 
photovoltaic power generation because of its abundant 
sunlight at low latitude, wide plains and less air 
pollution and dust than other metropolitan areas. 
Therefore, more than 50% of photovoltaic power plants 
are clustered together in the South Jeonla province. 
Because of the incentives, RPS and expected export, 
several other hot spots for solar energy (other than South 
Jeonla province) are emerging in Korea. North-Jeonla 
province is one of these. In January 2010 this province 
announced that it will develop the ‘Global Solar Belt’ in 
the coming ten years. This solar belt will connect four 
cities in the province; Gunsan, Iksan, Wanju and Buan. 
In order to become a world level production base, 
Global Solar Belt plans to create a production line by 
attracting seventy companies; global companies, core 
technology companies and partner firms. Chungcheong 


province has similar plans. In 2009 the authorities 
announced that they want to develop ‘Asia Solar 
Valley’. The province is pushing ahead with building a 
Solar Cell Technology Centre, creating a special solar 
zone/complex and attracting solar companies. It plans to 
invest about €80 million over five years to set up and 
support businesses and R&D centres. Hyundai Heavy 
Industries , GetWatt , Shinsung and Kyeongdung Solar 
are amongst the thirteen companies which have already 
promised to move there. 

12.6 Daegu is a city of 2.5 million people located on 
the Naktong River in South-East Korea. Daegu and Gumi 
(home of LG Display) city announced in 2009 that they 
want to focus on renewable energy. The province has 
started to build the Solar Energy Industry Belt. Daegu 
city will be a test bed for renewable energy and claims to 
be Solar City. One of the ‘Solar City Daegu’ projects is 
Solar Canopy. All school roofs and governmental offices 
will be covered with solar panels. Solar Canopy will be 
able to provide electricity to 50,000 households in Daegu 
by 2011. Also Daegu is the first region in Korea with the 
complete production chain for solar cells: from raw 
material to finished goods. In July 2009 the Korean 
government announced the ‘Short-term Goal for Photo¬ 
voltaic Energy Industry by 2012’ as a plan to encourage 
investment in renewable energy. It is expected to generate 
15,800 new jobs and achieve €1.5 billion in export value. 
Surprisingly perhaps, given its respectable innovation 
performance in other spheres (e.g. organic LED 
applications in smartphone touch-screens) centralised 
and highly co-ordinated South Korea has been somewhat 
‘asleep at the wheel’ regarding climate change policy and 
practice. Only in 2010 did the country wake up and the 
‘shock’ has been to recent to judge in terms of system 
effects. Essentially though, in this not untypical Asiatic 
development model, much initiative relies upon central 
legislation that gradually displays some regional aware¬ 
ness but for which there is little regional autonomy. 

72.7. South Korea’s climate change strategy 

South Korea aims to extend its share of the world 
photovoltaic market to 5% by 2012. To achieve these 
goals, the government has set four strategies: 

• To enrich the local market security of the PV quota in 
RPS, 

• Introduction of RPS pilot programmes, expansion of 
the small-sized photovoltaic market and reformation 
of regulation. 

• Enhance global capability Early development of the 
next-generation products, global standardisation, 
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• Introduction of an R&D competition system and 
establishment of a fundamental technology centre 

Though most of South Korea’s green power focus 
will be on bioenergy and well-known renewable 
energies like solar, wind and hydroelectric, combined 
heat and power plants (CHPs) are also likely to become 
standard sources of energy. Ongoing amendments to 
2008’s First Basic Plan of National Energy have called 
for firms within the electric power sector to increase the 
number of CHPs in South Korea to service more 
customers by 2014. South Korea is looking to supply 
district heating to more than 20% of the country’s 14 
million households by 2014, and seeks to remove 
electricity from residential heating. The demand for 
heating and cooling rose by 6% in 2010 and CHPs 
provide an economically viable solution through the 
supply of heat and power from a single, preferably 
renewable energy source. However, most CHPs will in 
fact be fired mainly by natural gas. Korea Southern 
Power Company Ltd. - KOSPO , a spin-off of Korea 
Electric Power Corporation , is constructing a 200 MW 
CHP in Daegu Solar City for $360 million by 2015. This 
could be said to be undermining not underlining 
national government’s vision for the city as a seat of 
green power, having installed the country’s first solar 
tower there. As home to the annual International Green 
Energy Expo and major site of energy reform in South 
Korea, it is ironic that Daegu’s first off-grid power 
station will be fired by a core fossil fuel, albeit less 
polluting than oil and coal. 

12.8 South Korea’s electricity industry is currently 
dominated by coal fired generation and nuclear 
energy which, according to the Korea Energy 
Economics Institute (KEEI), together accounted for 
more than 70% of the total 403 TWh generated in 
2008. As indicated, government plans call for the 
number of district heating users to increase by one 
third up to 2014 as part of wider efforts to increase 
cleaner energy consumption at a time of rising energy 
costs, without slowing down economic growth. The 
government’s target will also help boost the use of 
renewable energy in South Korea, as all district 
heating companies building new CHP units are 
required to build renewable energy projects as well 
whether or not they are connected to those district 
heating projects. South Korea’s district heating 
market has expanded steadily during the past decade, 
due to the increase in the number of families living in 
high rise apartments, and government support for 
CHP through its planning policy and tax incentives. 
The population of 49 million consists of 14.4 million 


households, of which 1.87 million households, or 13% of 
the total, use district heating. Most will be in Seoul- 
Inchon because of colder, northerly winters. Government 
plans call for another 670,000 households to use district 
heating by 2013 to meet stricter environmental targets. 
The number of households using district heating will 
grow by 36%, with almost one in six households planned 
to use district heating by the end of the current CHP 
development phase. 

12.9 Meanwhile, Korea District Heating Corporation 
(KDHC) also produces a small amount of CHP using 
renewable energy sources. These include small CHP 
incinerators using waste at a 13 MW plant in the 
southern Kangnam area of Seoul. Furthermore, it is 
planned to use wood chips for a very small 3 MW CHP 
plant in Daegu constructed in 2010. Renewable energy 
production is part of KDHC’s social obligation as a 
district heating supplier. As noted, under the Renewable 
Portfolio Standard (RPS), the government has stipulated 
that to build a CHP facility firms must instal a renewable 
power facility somewhere else and not necessarily 
connected to CHP production. This means firms are 
obliged to expand their portfolio of renewable energy 
projects. In 2009 some 13.5% of KDHC electricity 
production was renewable. Their target is 15% by 2016, 
a substantial amount given they are building four more 
CHP plants totalling 805 MW. 

12.10. Renewable energy policies 

South Korea first introduced an alternative energy 
programme from 2001 aimed at boosting R&D into 
renewable energy resources. The South Korean govern¬ 
ment had earlier set a long term target of increasing the 
share of renewable energy in the total energy supply from 
1.05% in 1999 to 5% by 2010. South Korea’s renewable 
energy plan involved concentrating government financial 
support on developing energy technologies offering 
comparative advantages. Technologies selected for 
development included wind power, photovoltaics, fuel 
cells, biomass and power generation from waste. To 
achieve the government’s renewable energy target, 
electricity wholesalers would be required to supply 
electricity generated by renewable resources to account 
for at least one per cent of all electricity traded by 2006. 

A government-backed price support system was 
expected to encourage the use of renewable energy. 
Prior to being broken up into six regional power 
companies in 2001, Korea Electric Power Corporation 
announced plans to purchase electricity generated by 
renewable resources at the same price as electricity 
bought for residential consumers through Korea Power 
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Exchange Market, the electricity pool mechanism. 
According to energy officials, wind power, which is one 
of South Korea’s cheapest renewable energies, is 
particularly attractive if bought at the avoided cost of 
heavy oil generating facilities. Government support for 
R&D into renewable technologies already included 
direct subsidies to defray part of the capital costs for 
selected projects as price support alone was not 
sufficient to promote development of renewable energy. 
For wind power a direct subsidy of up to 25% is 
available, whilst for photovoltaic energy up to 75% of 
the project cost can be funded through direct subsidy. At 
the start of South Korea’s renewables development 
programme, official figures showed that municipal and 
industrial waste combined accounted for about 93% of 
total new and renewable energy sources. However, 
further development of waste incinerators is being 
blocked by local communities in many parts of South 
Korea due to possible air pollution from incinerating 
waste. According to government forecasts waste to 
energy and small hydropower schemes are expected to 
make a smaller contribution to renewable energy power 
generation over the longer term whilst wind power, 
photovoltaics and fuel cells will increase their share. 
Public opposition to waste incineration schemes is one 
factor whilst development of small hydropower 
schemes is limited by the number of suitable sites for 
their construction. At present most wind turbines and 
photovoltaic systems have been installed on remote 
islands where their technology is competitive compared 
with other power plants such as diesel generators. 

12.11 Nevertheless, at the end of 2010, South Korea 
said it planned to build 14 new nuclear reactors by 2024 
to help meet growing energy needs and cut dependence 
on fossil fuel. The country, which currently has 20 
operational nuclear reactors, will build 14 new 
facilities to make atomic power the biggest source of 
energy by 2024, state-run Korea Power Exchange said. 
As a result, nuclear energy will provide 48.5% of the 
nation’s energy consumption by the target year from 
the current 32%, KPE said in a long-term national 
energy development plan. Coal is currently the biggest 
source of energy in South Korea that meets 42% of 
the nation’s energy needs. Renewable energy sources 
like solar and wind power will also provide 8.9% of the 
nation’s energy needs by 2024 compared with the 
current 1.3%, it said. Asia’s fourth-largest economy 
imports 97% of its energy needs from overseas and has 
moved to cut dependence on fossil fuels and to 
diversify energy sources. In October 2010 the govern¬ 
ment unveiled a five-year plan to spend $36 billion 
developing renewable energy as its next economic 


growth engine, with a goal to become one of the world’s 
five top players in the sector. 

12.12. Future energy strategy in South Korea 

Population growth will lead to spiralling increases in 
energy demand, which is projected to increase by approx. 
3% per year through 2020. If emissions from fossil-fuel 
combustion are to remain stable, huge efforts must be 
made to source the new energy requirements from non- 
traditional sources - new and renewable energy. Yet South 
Korea is expected to increase the consumption of coal for 
electricity generation. Accordingly, the energy policy of 
the country can seem somewhat confused: 

1. More than 10% reduction of total national energy 
consumption 

2. Provision of approximately 5% of energy needs from 
renewables by 2011: increased use of PV power, fuel 
cells, introduction of natural gas buses in large cities. 
New energy includes hydrogen, synthetic fuel from 
coal liquefaction/gasification, and other renewables: 
solar thermal, biomass, wind, waste, hydro, geother¬ 
mal and marine. 

IE A sees the potential for renewables to satisfy 30% of 
the country’s electricity needs. South Korea has 
established the National Vision for Environmental 
Policies in the 21 st century. An important part of national 
energy programme is the support of demonstration 
projects with industry as a major partner, providing 
valuable experience and developing markets for the new 
technologies. It is clear that renewables are intended to 
take only a minor share in Korea’s future energy mix. 

12.13 Thus there is a coming crisis for South Korea, 
Asia’s fourth-largest economy - one of the world’s 
biggest greenhouse gas polluters - amid growing calls 
to curb global warming. But there may also be business 
opportunities lurking in the crisis. Accordingly, 
President Lee Myung-bak in late 2010 announced a 
$900 million ‘Low Carbon, Green Growth’ plan for the 
development of solar, wind power and other forms of 
alternative energy sources to become growth engines of 
Korea’s future economy, envisioned to generate $40 
billion in exports by 2015. The President has 
committed to reducing the country’s greenhouse gas 
emissions by 30% at 2020. This commits the country to 
spending 2% of GDP annually in developing eco- 
friendly businesses and projects. This law was based on 
the Presidential Commission on Green Growth 
(PCGG)’s Low Carbon Green Growth Initiative, the 
‘New Green Deal’, which was constructed as a long- 
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term (2009-2050) national strategy with a short-term, 
five-year plan (2009-2013) built into it. This stimulus 
package invests $35.4 billion in the country’s renew¬ 
able energy sectors over five years and another $3 
billion in water technology development by 2020. The 
Five-Year plan introduced the GHG Emissions Cap & 
Trade Programme which would provide a GHG 
emissions trading system with a trading volume of 
$0.5 billion in 2013; public credit guarantees to the 
renewable energy sectors with investment increasing to 
$5.6 billion in 2013; and overhauling the nation’s 
taxation system to encourage GHG emissions. In 
addition, the government will invest $5.6 billion in the 
automotive sector by 2013 as it aims at becoming one of 
the four largest green car manufacturing nations 
worldwide. To stimulate the local market for renewable 
energy, the government will carry out its Top Ten 
Green Projects’ and implement the Renewable Portfo¬ 
lio Standard (replacing FITs for wind and solar power) 
from 2012 using this funding. The green project 
proposals will create renewable energy facilities in 
schools, post offices and industrial complexes. In 
addition, the government announced a water industry 
incubation strategy which will utilise the $3 billion of 
government funds earmarked for water technology 
development. The Lee plan is seen by some as nothing 
less than an attempt to remodel the decades-old pattern 
of South Korea’s development and could set an 
example for other economies to follow. It has also 
been criticised as nothing more than old-fashioned 
pump-priming in a green guise. The architect of this 
plan sees global warming as a crisis whilst at the same 
time an opportunity to create a gigantic market as it 
takes a tremendous amount of investment to address it. 

12.14 The United Nations, which promotes the 
global campaign to lower greenhouse gas emissions, has 
praised Lee’s plan as a major attempt to fundamentally 
transform the country’s growth paradigm. But South 
Korea is not alone in seeking to add a green hue to its 
traditionally smokestack heavy economy. Japan aims to 
expand the ‘green business’ market and create up to a 
million new jobs. Taiwan says it will invest $1.3 billion 
over the next five years to expand and upgrade the 
island’s solar and wind energy industries and help 
reduce the use of fuel. The Framework Act for Low 
Carbon Green Growth was passed by the Republic of 
Korea’s national Assembly in 2010 to establish a 
comprehensive legal framework of relevant policies to 
foster the development of green technology and 
industries, to create new green jobs, to respond to 
climate change, to control energy targets, to promote a 
green lifestyle for citizens and to promote sustainable 


development. It is the most ambitious piece of Green 
Growth legislation there is to date and works to 
facilitate Korea’s Five-Year Plan for Green Growth. * 2 

13. Conclusions 

13.1 In general, this review has shown that regional 
and national governments vary considerably in their 
responses to shocks like the realisation of the existence 
of potentially lethal climate change at different speeds 
and in different ways. We have examined three types of 
market economy and society: the liberal market; the 
hybrid market; and the co-ordinated. Co-ordinated 
markets can be slow at national level to set a regulatory 
and incentive framework that stimulates broadly passive 
cities and regions into action, as the case of South Korea 
showed. Troubled (air pollution) regions like California 
in the liberal market US system can anticipate federal 
legislation by many years and act as a template for 
Clean Energy legislation. Even in co-ordinated market 
Sweden, the Vastra Gotaland region played a proactive 
role and has always sought to fit in with multi-level 
policy stances wherever these emanated from. Accord¬ 
ingly it is swift in taking opportunities to see market 
advantage in regional climate change strategy. Den¬ 
mark, as a representative of a hybrid system has 
proactive policy formulation and implementation at 
national level although municipalities are swift to act on 
these in ways that fit their needs. The case of rapid 
uptake by municipally-owned firms to decentralise CHP 
sustainably is one example of this; Copenhagen’s 
leadership of the Dogma project is another. Broadly 
speaking there is remarkable alignment between 
government, regional system and policy levels. China 
too displays effective alignment through state-level 


2 It involves the following broad intent: (1) The State or any local 
government may provide support as may be necessary for green 
technology and green industries, such as the payment of subsidies. 

(2) The Korea Credit Guarantee Fund, established pursuant to the 
Credit Guarantee Fund Act, and the Korea Technology Guarantee 
Fund, established pursuant to the Korea Technology Credit Guarantee 
Fund Act, may provide credit guarantees preferentially to green 
technology and green industries or preferentially treat green technol¬ 
ogy and green industries in terms and conditions of guarantee. (3) The 
State or any local government may support enterprises related to green 
technology and green industries by abating or exempting them from 
income tax, corporate tax, acquisition tax, property tax, registration 
tax, or other tax, as provided for by the Restriction of Special Taxation 
Act and the Local Tax Act. (4) The State or any local government shall 
endeavour to assist an enterprise related to green technology or green 
industries to the fullest extent possible, when the enterprise invites 
foreign investment under Article 2 (1) 4 of the Foreign Investment 
Promotion Act. 
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regulation and city-region eco-competition; China’s 
eco-cities are over-hyped however, some being little 
more than websites. Either early or belatedly national 
governments (in Europe EU also) set broad regulatory 
frameworks and budgets for incentives and subsidies 
alongside major supporting R&D programmes. Regions 
and large cities have innovation supports, often in the 
shape of cluster policies mainly for economic rather 
than environmental reasons. But they may also have in 
place consumption-related policies and awareness 
campaigns affecting food, energy and mobility con¬ 
sumption practices. Smaller local administrations can 
be important in changing, for example, the national 
energy mix as the case of Denmark’s shift to 
decentralised CHP again showed. In both hybrid and 
co-ordinated categories, enlightened public procure¬ 
ment can be important in developing ‘strategic niches’ 
and stimulating eco-innovation by ‘preadaptation’ or 
seeking ‘relatedness’ and the ‘adjacent possible’ by 
stimulating regional ‘path interdependencies’ as in 
Vastra Gotaland’s ‘Sustainable City’ iconic project. In 
sum, this research finds liberal market economies with 
regional autonomy facilitate regional experimentation 
with climate change policy and eco-innovation systems; 
hybrid economies with relatively low regional auton¬ 
omy (Denmark only regionalised in 2007; China in 
1992) show more extreme variety from high regional 
system initiative and lobbying of national and 
supranational administrations for favourable eco-inno¬ 
vation regulation or, in the case of China, much local 
and regional initiative but reliant on central dispensation 
and technological imitation rather than innovation. 
Finally, co-ordinated economies may suffer from either 
belated (South Korea) recognition of crisis and need for 
a resilient response, or over-reaction (Sweden) where 
national large-scale policy thinking based on historical 
industrial strengths (small country with large, global 
firms) may create market barriers at too high a level thus 
undermining initiative. However, as in Denmark, 
political systems open to influence may recover where 
they benefit from active regional experimentation 
results. The ‘Gothenburg Model of the Lisbon Strategy’ 
is an under-appreciated testament to that. 

13.2 To compare and contrast, the dimensions 
selected capture main elements of resilience thinking. 
These include the ‘path dependence’ in eco-innovation 
focus, nature of perturbations or shocks to the system, 
policy responses to such shocks, the nature and degree 
of system ‘connectedness’ or system linkage, and the 
eco-innovation emphases that represent the resilience 
‘potential’ of the systems in question. Main points 
include the early, or worse, late recognition that heavy 


path dependence on fossil fuels is economically as well 
as environmentally unsustainable. A second striking 
feature of Fig. 14 is the large amount of vertical and 
horizontal ‘connectedness’ in response efforts under¬ 
taken, even in South Korea, which is something of an 
outlier but where centralised control allows an initially 
large and very slow upper MLP level to act suddenly 
and bring regions into line. China also shares this 
hierarchical capability. Here has been perhaps the most 
rapid evolution of resilience thinking and action, first to 
the shock of the market economy, then to the backlash to 
China’s associated heavy pollution. Major new clusters 
and production platforms have grown alongside eco- 
cities in many locations, housing workers flooding to 
cities like Tianjin and Shenzen to work in China’s 
‘world factories’. 

Finally, eco-innovation technologies are both ‘soft’ 
in the sense of organisational (system security’, ‘smart 
public procurement’) but more often ‘hard’ especially 
in the focus on varieties of renewable energy. 

13.3 We can conclude three further important things 
from this detailed analysis of the interaction between 
regional and national drivers towards transition away 
from a global fossil fuels energy regime towards a new 
post-hydrocarbons or zero-carbon energy landscape. The 
first of these is that it is by no means clear that the most 
important eco-innovations occur by national or suprana¬ 
tional initiatives alone. The second is that eco-innovation, 
like innovation more generally, has to be understood as 
occurring because of what are often geographically 
proximate concentrations and interactions amongst 
small, fast-moving systems of innovators and their 
networks. Even the industry transition from milk coolers 
to wind turbines in Denmark sounds more distant than it 
in fact is. The third deduction is that although they seldom 
initiate eco-innovations, national regimes are crucial in 
providing general frameworks that enable eco-innovators 
to access subsidies and incentives to elaborate explora¬ 
tion and exploitation of the ‘adjacent possible’ that 
complexity theory tells us is where the unpredictable 
future of most innovative concepts lies. 

13.4 Let us explore the first conclusion in the 
following. The process of eco-innovation and innova¬ 
tion more generally is unpredictable in detail though 
broad outlines can be suggested. Although important 
developments have been initiated in emerging markets 
such as Brazil’s great and prescient progress with 
biofuels, most eco-innovation occurs in Europe and 
North America though it may rapidly be adopted and 
adapted in emerging market and newly industrialised 
economies like India (e.g. Suzlon for wind turbines), 
China and South Korea. Having said that, such national 
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Fig. 14. Comparisons and contrasts in eco-innovation policy system resilience. 


states have been no more prescient in strategising their 
response to climate change than some of the innovator 
countries noted above. This is nearly always because 
they are ‘carbon lock-in’ countries whose rapid 
economic development meant a technological and 
energy regime that favoured cheap, imported or 
endogenously mined fossil fuels, economies of energy 
scale and a neglectful or low priority attitude towards 
environmental conservation and minimum pollution. 
Unruh (2002) has analysed the difficulty of escaping 
carbon lock-in, even if the political will is there - which 
until very recently has not been the case - which is seen 
to be immense because of the process of technological 
and institutional co-evolution involving the socio- 
technical system as a whole. More sophisticated 
socio-technical movements in liberal democracies find 
this difficult because such shocks can often be absorbed 
‘resiliently’ by large, slow-moving regulatory regimes. 
Mobilisation of these, as in the MLP perspective, 
requires its own socio-technical system co-evolution 
triggered perhaps from the scientific, cultural, market, 
industrial or political sub-systems but eventually 
engaging them all in effective synchrony. 

13.5 Eco-innovation, possibly unlike narrower non- 
ecological innovation, involves many industries and 


multi-level processes at systems adaptation level. Our 
theoretical exegesis and synthesis proved remarkably 
robust in demonstrating the nature of (regional) eco- 
innovation system change as being horizontal as well as, 
more predictably, vertical in terms of knowledge 
distribution, quite open to important knowledge 
exchanges from outside regional and national systems 
but ultimately quite reliant on geographical proximity 
for the implementation of necessary knowledge for eco- 
innovation exploitation. Nearly every case in the report 
exemplified a tight regional cross-cluster ‘platform’ 
nature to the emergent paradigm and its regional 
regime. Vivid illustrations of this were the Sustainable 
City platform and ‘iconic project’ in Vastra Gotaland, 
Sweden, the District Heating/CHP platform network in 
north Jutland, Denmark, and from a governance 
perspective, the joined-up ministries approach in Wales. 
These revealed aspects of ‘connectedness’ that gets 
resilience from the power of innovation at interfaces, 
recombination of sometimes long-established knowl¬ 
edge with new problem perspectives, and exploration of 
‘adjacency’. The idea of the ‘adjacent possible’ and its 
rear-view mirror-image ‘preadaptation’ (e.g. ‘Smart 
Textiles’ in Sweden utilising organic cotton substitute 
from trees in the global context of ‘peak cotton’) can, 
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superficially give the impression that eco-innovation, 
indeed all innovation, is fundamentally incremental. 
However, history tells us that, as in the case of the steam 
engine, aeroplane and computer, radical innovations 
occur with generational longevity. What now has to be 
introduced to the spatial context of ‘relatedness’ and 
‘transversality’ is time because system shocks arise 
from and create conditions for swift and dense 
innovation interactions as the eco-innovation examples 
above tend to show. Yangzhou embarked on rapid LED 
market dominance and invested billions in achieving it, 
District Heating received a swift boost when Denmark’s 
STS rejected nuclear and, to an almost equivalent extent 
fossil fuels, biofuels from pulp-and-paper in Sweden is 
a product of the shock of globalisation and cheap 
competition from Russia, eastern Europe and Brazil in 
paper markets. Meanwhile California’s clean energy 
focus coincides with a transformation in perceptions of 
‘peak oil’, on the one hand, and public and private 
investment opportunities in a new industry, on the other. 

13.6 Finally, what is important about the role of the 
national (or supranational) regulatory regime in relation 
to regionally clustered eco-innovation? First to be noted 
is the lesson of Sweden’s regulatory failures as indicated 
by Johnson and Jacobsson (2003). Here, two mistakes, 
first only subsidising the largest scale wind turbines when 
market demand was not yet present, then setting its 
carbon trading pricing mechanism too high are lessons in 
the problem of regulatory micro-management. States do 
not have good records at predicting markets to that level 
of ‘strategic niche management’ detail and they should be 
discouraged from doing it. They should stick to the large 
and slow, resilient, framework-setting agenda when their 
systems are shocked out of their lulled STS equilibria. 
Rapid catch-up and attempts to cover all angles, as in 
South Korea can cause the opposite, which is not too 
much clarity, but too little. The notion that District 
Heating ambitions can only be satisfied by natural gas for 
which construction companies are then penalised by 
being forced to invest in construction of some unspecified 
renewable energy installation merely seems bizarre. This 
may be a hangover from ‘carbon lock-in’ since a similar 
attitude prevails amongst Chinese energy engineers who, 
in a Shenzen Eco-Cities conference in November 2010, 
were united in the opinion that District Heating 
generators that insure constant energy supply when 
renewable fuels are being switched, say from wind to 
solar, in renewable energy plants could only function if 
fossil fuels were utilised. A quick check with Danish 
heating engineers on the validity of the assertion revealed 
it to be completely without foundation (Argyris and 
Schon, 1978; Kauffman, 2000; OECD, 2011). 
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